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INTRODUCTION 
World food shortages and exploding populations emphasize the impor­
tance of improving.our food and fiber crop plants. Therefore, the search 
for genotypes of crops that maximize the exploitation of all environ­
mental factors is becoming increasingly important to mankind. 
Today's plant breeder strives to synthesize crop varieties that are 
adapted to our modern, highly specialized agricultural environments. The 
self-pollinating nature of crop species such as oats, wheat, rice, barley 
and soybeans, provides the opportunity for the development of homogeneous 
varieties. These homozygous, homogeneous strains constitute population 
types that possess the ability to utilize specific sectors of the agri­
cultural environments manipulatable by man, such as soil fertility and 
moisture. At the same time, they provide unstable population types for 
non-manipulatable environmental factors, such as temperature. 
Leopold (1964) in his book, "Plant Growth and Development," states 
that photoperiod and temperature are the two most important environmental 
factors affecting plant growth and development. Went (1950b) makes simi­
lar statements in several papers. 
Many papers have been published concerning the effect of temperature 
on plant growth and in general, they indicate that the structural develop­
ment and physiological reactions of a plant may vary greatly depending upon 
the temperature pattern of the plant's environment. A limited number of 
studies have examined the specific influence temperature has on important 
growth stages and subsequent yield. An even more limited amount of work ' 
has been done in the area of genotype x temperature interactions. Only 
rarely is temperature mentioned in relation to genotype x environment 
interactions and then usually in connection with freezing or desiccation. 
The cereal crop, oats (Avena sativa L.), was chosen for this study. 
Oats is known as a "cool season" crop, and in the Combelt, is subject 
to the increasing probability that periods of high temperature will occur 
as the growing season progresses. Also, oats has a rapid growth habit 
and a wide array of diverse genotypes are available. Controlled environ­
ment chambers were used to impose temperature stresses on the oat plants 
at specific growth stages and grain yield and other attributes were 
measured. 
The objectives of my investigations were to determine; (1) if 
genetic differences for tolerance to temperature stress existed among 
four diverse oat genotypes, and (2) if important growth stages in oats 
vary in their reaction to temperature stress. 
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REVIEW OF LITERATURE 
Diurnal Temperatures and Growth 
The role of night temperature in plant growth was examined by Roberts 
(1943). He grew the "warm climate" plants - Proso millet, com, Biloxi 
soybean and sorghum, and the "cool climate" plants - timothy, rye, brome-
grass, oats and bluegrass in greenhouses under constant temperatures of 
55° and 75° F, and day-night combinations of 15°/55° and 55°/75° F with 
both long and short photoperiods. With the 75°/55° F treatment several 
"warm climate" species developed a yellowish color, whereas the "cool 
climate" plants did not. Bluegrass, oats and barley headed earlier at 
a constant temperature, but 55° F was best for setting seed. 
The responses of 13 species of California annuals to 12 combinations 
of temperature and photoperiod were reported by Lewis and Went (1945). 
Different day temperatures seldom caused differential responses in flower 
initiation, leaf size or rate of leaf production, but night temperature, 
in general, had a pronounced effect upon the rate of leaf production and 
leaf size. Went (1948) reported suboptimal growth of tomatoes grown at a 
continuous level of 17° C, whereas optimal growth occurred when 17° C 
night temperature was alternated with 26° C day temperature. 
According to Calvert (1957), growth rates of young tomato plants in 
natural light were lowest when night temperature was lower than day 
temperature, and response to night temperatures was less than response to 
day temperature. Growth was better under diurnal than under constant 
temperature regimes. 
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TXvO series of pepper plants (Capsicum annum), kept at phototemper-
atures of 26° and 18° C respectively, were subjected to a range of nycto-
temperatures by Borland and Went (1947). In both series, there was a 
gradual shift towards lower optimal nyctotemperatures as the plants grew 
older, and the shift proceeded faster at 26° C than at 18° C phototerr.pera-
tures. IiJhen optimal nyc to temp era tur e s were plotted as functions of plant 
size, the relationships for the two series were practically superimposed. 
This seems to implicate the translocation mechanism. Went and Hull (1949) 
showed that for tomato plants, lowering the temperature increased sugar 
transport rates. Utilizing three varieties of Nicotiana tabacum, Camus 
and Went (1952) found that flowering in day-neutral tobacco depended upon 
night temperature and the optimal night temperature for growth decreased 
as the plants aged. For sugar beets, low night temperatures increased 
sugar content and decreased root weight (Ulrich, 1952). Highkin (1958) 
found that growth of peas was inhibited 20 percent by growing them at 
constant temperatures. 
A question was raised by Barney (1951) whether the beneficial effects 
of lowered night temperatures were due to the absolute temperatures used 
or simply to temperature flux. For loblolly pine seedlings, he concluded 
that root growth was greatest and most persistent with low temperature, 
but elevated temperatures usually gave increases. 
Apparently, differential day and night temperatures are needed for 
normal plant growth, and as the plants grow larger this requirement becomes 
greater. Temperature during the dark period is also important for flower 
induction. 
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Temperatures and Vegetative Growth 
The rate of every physiological process in plants is temperature sen­
sitive. Milthorpe (1959) showed that rates of production and expansion of 
cucumber leaves increased as temperatures were raised from 12° to 24° C, 
but reduced at 30° C. Thorne and Ford (1964) demonstrated that with a 
night temperature of 15° C and day temperatures of 15°, 20°, and 25° C, 
the leaf area per plant for kale, wheat and beans increased as tempera­
tures were elevated. The relative leaf growth rate for 3-6 week-old 
seedlings of kale and wheat was greatest at 15° C and lowest at 25° C, 
whereas for bean seedlings it was constant for all temperatures. 
Working with Marquis spring wheat, Friend (1965a, 1965b, 1966) 
showed that as temperatures were increased over the range 10° to 30° C, 
leaves were narrower and thinner and rate of leaf production was greater 
than that of tillers: thus apical dominance was greatest at higher temper­
atures. From other investigations. Friend _et (1962a, 1965) reported 
that raising the temperature by 5° intervals between 10° and 25° C, 
caused higher rates of leaf initiation, emergence and expansion, and 
greater leaf area-stem ratios. In general, Newton (1945) found that 
28-day seedlings of spring wheat increased in dry weight with elevated 
temperature and greater light. 
Beevers and Cooper (1964a) treated ryegrass (Lolium multiflorum and' 
L. perenne) with day-night temperature regimes of 12°/12°, 25°/12° and 
25°/25° C. The dry matter production, shoot-root ratios, rate of leaf 
growth and leaf number were greatest at the 25°/12° C regime. Tillering 
was retarded at the higher temperature. These observations were 
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corroborated by Mitchell (1953), who also found that the speed and pattern 
of morphological development of ryegrass plants were determined by 
contemporary rather than by previous temperatures-
Friend (1966) and Friend e_t al. (1962b) found that as temperatures 
were increased from 10° to 35° C, dry weight and absolute growth rate of 
Marquis wheat decreased. Davidson (1965) showed that for Dactylis 
glomerata, the relative growth rates increased as temperature was 
raised during the first three weeks of a six-week treatment, but during 
the last three weeks, relative growth rates were similar at all temper­
atures. He pointed out that perhaps different physiological processes 
were associated with temperature responses of plants of different sizes 
and histories. According to Richardson (1956), stimulatory growth response 
of Acer saccharium roots to low temperature was generally a systemic plant 
response. 
Hamilton (1948) noted that high temperature caused early differentia­
tion and rapid maturation in four varieties of oats (Avena sativa), 
resulting in stunted plants with poorly developed panicles. Thorne et al. 
(1965), imposed high, low and no temperature stress to barley and sugar 
beet plants of different ages. As temperatures were raised sugar beet 
leaf area, leaf number and total dry weight increased, whereas barley 
leaf area and dry weight increased prior to and decreased at the end of 
the period. 
Brown (1951) reported that for the range of 15° to 30° C all mitotic 
phases in pea roots were halved in duration for each 10° C rise in temper­
ature. Schutte (1965) found that at high temperatures bean, radish, 
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nasturtium and wheat plants grown in sand cultures on a fully balanced 
nutrient solution were appreciably smaller than ones grown on solutions 
lacking one essential trace element, whereas the control had less, but 
much healthier foliage than the deficient plants. 
Temperature and Morphological Development 
In discussing temperatures and plant development, Leopold (1964) 
stated that temperature responses of individual organs, such as roots and 
stems, may be different than the response of the whole plant. The whole 
plant may have different temperature reactions as it changes from one 
developmental stage to another. For tulip bulbs removed from the soil, 
Hartsema _et (1930), observed an immediate high temperature requirement 
for development of flower initials, while at 3 and 16 weeks the tempera­
ture optima were lower and higher, respectively. 
For flowering Post (1935) found that stock (Mathiola) had a maximum 
qualitative requirement of 15° C. Went (1953) showed that deciduous 
trees, shrubs and some other plants require annual thermoperiodicity of 
high (summer) alternating with low temperatures (winter). 
The promotive effect of low temperatures on flowering was termed 
"vernalization" by Lysenko (1928). McKinney and Sando (1935) stated that 
sexual reproduction in spring and winter wheats was not dependent on a 
critical temperature or photoperiod, but the time when sexual reproduction 
occurred was greatly influenced by temperature and photoperiod. The 
classical work of Purvis and Gregory (1937) showed a quantitative response 
of Petkus winter rye to vernalization. More recently, Evans (1960b) / 
illustrated a lack of vernaliza.tion response for Lolium temenfalum, a 
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quantitative response for jL. multiflorum and its hybrid with L. perenne, 
and qualitative and quantitative low temperature requirement for L. 
perenne. Investigating 19 Australian and 5 foreign wheat varieties, 
Gott (1961) found definite acceleration of spike initiation occurred as 
a result of vernalization in both winter and spring types. 
Lang (1956) noted that applications of gibberellin substituted for 
the cold induction of flowering, while Pereira (1965) showed that during 
low temperature treatment of iris bulbs, growth factors were formed which 
activated successive states in the differentiation of flower primordia. 
In Marquis spring wheat, Friend et al. (1963) found early floral 
initiaton at higher temperatures was due to increased production of 
flower-inducing substances or increased sensitivity of meristernatic 
cells to hormones. Hamner and Bonner (1938), examining the interrelation­
ship of temperature and photoperiod upon floral initiation in Xanthium, 
found that plants given one short photoperiod at greenhouse temperature, 
then one long dark period (more than 8 hours) at 21°-32° C developed 
floral primordia, whereas at 4® C, seven dark periods were required. 
Varied temperature during the photoperiod exerted little effect on floral 
initiation. 
Parker and Borthwick (1939) found that at 13® C during the dark 
period, there were fewer flower primordia initiated in Biloxi soybean 
than at dark temperatures of 18® or 24® C. Fewer primordia were initiated 
at a dark period of 13° C and 29® C than at 18® or 24® C. Therefore, the 
dark period temperature and not the photoperiod temperature influenced 
primordia initiation. The work of Roberts and Struckmeyer (1939) cor­
roborated these findings. Their Maryland Mammoth tobacco grown at 18® C 
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bloomed under a short but not under a long photoperiod, whereas at 13° C 
the plant bloomed under both photoperiods. The inhibiting effect of low 
nycto temperature on floral initiation in Biloxi soybeans stimulated 
further study by Borthwick et al. (1941) and Parker and Borthwick (1943). 
They found that the low temperature inhibitation of floral primordia 
initiation resulted from temperature effects on hormone synthesis in the 
leaf blades. Low temperature suppressed hormone synthesis more quickly 
than it did translocation of flower-inducing substances or differentiation 
of floral parts. 
According to Nitsch _et _al, (1952) high temperatures and long days 
tended to keep the cucurbit flowers in the male phase, whereas low temper­
atures and short days sped development so that the female phase was 
reached more rapidly. Knight (1955) found that growing semitropical 
Dalligrass under low night temperature and long days during seed formation 
was detrimental. Hovin (1958) observed that high night temperatures 
during panicle emergence arrested the normal development of Poa annua 
anthers without damaging the pistillate organs. 
Ryle and Langer (1963a), utilizing timothy (Phleum pratense), noted 
high temperatures during long photoperiods, retarded spikelet initiation, 
and promoted spike differentiation. With optimum and short photoperiods, 
differentiation was rapid at 75® and slower at 55" F. They suggested 
that temperature influenced differentiation mainly through its effect on 
general growth processes. In contrast, its influence on floral initiation 
appeared to be a specific effect on the photoperiodic response in near 
threshold periods of light. Ryle and Langer (1963a, 1963b) and Ryle (1965) 
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reported that inflorescence size of perennial ryegrass plants, L. 
ternentulum. and timothy increased as daylengths or temperature decreased. 
Evans Cl960a) made similar observations for ryegrass. Field and growth 
chamber experiments of von Amsberg (1965) showed that diurnal temperatures 
with high temperature maxima produced higher numbers of inflorescences for 
Dactylis glomerata. Using Marquis spring wheat, Friend (1965a) found spike 
development was related to the differential effects of temperature and 
light intensity on the processes of growth and development. Low tempera­
ture retarded the rate of morphological development of the spike more than 
the rate of growth of the whole plant, prolonging the duration of ear 
development and resulting in larger spikes at anthesis. 
Studying three varieties of crimson colver (Trifolium incarnatum). 
Knight and Hollowell (1958) demonstrated that low night temperatures 
during the seedling stage caused early flowering, whereas high night 
temperature for the whole growth period inhibited flower production. 
Beatty (1959) reported that increased flowering in clones of white clover 
(Trifolium repens) was independent of day temperature. 
Roberts (1965) reported that the flowering response for 8 varieties 
of Oryza sativa and two varieties of 0. glaberrima, grown at three photo-
periods (8 1/2, 10 1/2 and 11 1/2 hours) and four day-night temperature 
regimes (day-night; 25°/35°, 30°/35°, 30°/40° and 35°/35° C), was 
unaffected by temperature, but the high temperature regime caused a long 
vegetative phase. Investigations by Riddell and Gries (1958) revealed 
Chinese Spring wheat matured early under cool-temperature short-day 
conditions, and was less sensitive to changes in photoperiod and temperature 
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than White Federation 38 which was early in a long-day warm-temperature 
environment, ; 
Salmon (1914) found that temperatures of 30® to 40° C at flowering 
caused high sterility in wheat and concluded that the high incidence of 
floret sterility in the Great Plains during 1910-1912 was probably due to 
high temperature at heading. Coffman and Stevens (1951) noted that the 
highest seed set in oat crossing was obtained when maximum temperatures 
were 85° F or lower. When temperatures exceeded 95° F, successful 
crosses were few. Pope (1943) reported the optimum temperature and 
thermal death point of barley ovules to be 30° and 40° C, respectively, 
whereas pollen tube growth of barley was most rapid at 30° to 35° C. 
Blasting by high temperatures was probably due to ovule injury more than 
pollen destruction. Studies by Finney and Freyer (1958) of 13 winter and 
7 spring wheat varieties indicated that high temperatures (above 90° F) 
the last 15 days of grain filling caused suboptimal dough mixing time and 
loaf volume of bread. The! association was partially (51 to 84%, depending 
on variety) accounted for in terms of amount of high temperature, percent­
age protein in wheat and the quality of protein as reflected by the mixing 
time of the dough. 
Low temperature stress at time of pollination also can have an 
adverse affect on reproduction in cereal crops. Suneson (1941, 1953) 
observed that early varieties of wheat and barley showed different amounts 
of spike- or glume desiccation from frost. Livingston and Swinbank (1950) 
exposed winter wheat varieties in the heading stage to low temperatures, 
and noted that floral sterility occurred with an exposure for four hours 
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at -2° C. The sterility increased progressively as the temperature was 
lowered and the length of exposure was increased. Sterility was influenced 
more by the stage of spike development than by variety. Temperature treat­
ments ranging from -1 to 20° C imposed for 24 hours on Russian wildrye 
during anther emergence by,Clary (1965) showed an inverse relationship 
between temperature and time required for embryo initiation. Freezing 
injury occurred in the anthers, whereas high temperature injury occurred 
in the pistil tissue. Frey and Browning (1959) presented evidence that 
the epiphytotic of atypical blast in the 1957 Iowa oat crop was a result 
of low temperatures during early spikelet development and panicle elonga­
tion. 
By exposing ts7o tomato varieties to 55® and 65° F during early growth, 
Calvert (1957) found both had more flowers at the lower temperature. 
Schaible (1962) identified substantial heat tolerance in two genotypes of 
tomatoes, which enabled them to set fruit, although of decreased size, 
abundantly at night temperatures of 73° and 80° F. In a similar study, 
Curme (1962) found several varieties that had normal fruit set at night 
temperatures as low as 45° F. 
The effect of temperature on reproductive development has been reported 
for other plant species. Shibata (1902) could lengthen the period from 
pollination to fertilization in Monotropa uniflora by lowering the temper­
ature, Whereas complete suppression of fertilization occurred at 8° to 
10° C, fertilization was normal at 28° C, At 31° to 32° endosperm division 
and fertilization were entirely suppressed. Van Schaik and Probst (1958) 
subjected two soybean varieties to a number of constant and diurnal 
temperatures in growth chambers and also studied four varieties in field 
13 
experiments. In general, the percent flower and pod shedding was increased 
by high temperatures and shedding was not associated with lack of viable 
pollen. In alfalfa, Dobrenz e_t a^ . (1965) reported as the mean maximum 
and minimum temperatures increased, the interval of time for floral initiation 
decreased. Potato plants were grown in a controlled environment at day-
night temperatures of 2° to -15* C by Burt (1965) and at different growth 
stages were exposed to temperatures of 3° to 9° C for one week. Tuber 
initiation was always induced by an exposure to temperatures of 7° C or 
less. 
Interaction of Genotype and Temperature 
Important stages of plant development of cereal grains are germination, 
initiation of tiller and floral primordia, anthesis and grain filling. The 
length of time from germination to each of the other stages depends some­
what on the effect of temperature on growth rate and particular interactions 
between genotype and environment. 
Cooper (1957) suggested that for inbreeding species, such as wheat, 
selection has resulted in varieties, each of which contains several 
homozygous lines, that behave uniformly in the environment for which they 
were selected, but differently to temperature, vernalization and photoperiod. 
Thoday (1955) pointed out that relational balances are dependent upon the 
environment in which they are studied. This is especially likely if 
selfing species are tested in environments to which they are not adapted. 
If such populations are subjected to different conditions of temperature 
and photoperiod, hidden genetic differences may be exposed. 
Testing spring and winter wheats at temperature levels of 12° and 21° C, 
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Hurd-Karrer (1933) found the winter wheat showed more adverse reaction at 
both temperatures than did the spring wheat. McKinney and Sando (1933) 
concluded that populations of wheat segregating for earliness and lateness 
should be tested and classified under several suitable conditions of 
temperature and day length. 
Four spring wheat varieties (early to late) were treated with combin­
ations of 50°, 60°, 70° and 80° F (constant) and photoperiods of 8 to 24 
hours in controlled-environment chambers by Cries et al. (1956). Chinese 
Spring was the earliest variety when gro:fn at short days (8 to 10 hours) 
and under cool temperatures (50 to 70° F), but at 80° F or a 16-hour photo-
period it flowered latest. They found a- wide spread in the relative 
earliness of selections from crosses involving Chinese and winter wheats. 
Apparently, some lines with winter habit inherited the Chinese Spring 
physiological capacity to mature rapidly under short photoperiods, thus 
making them earlier than the winter parent. Those winter habit lines 
without these Chinese Spring capacity would mature later than the winter 
parent. 
Aitken (1966), examining the flowering response of wheat, rye, barley 
and oats to varying temperatures and photoperiods, found that genotypes 
reacted similarly in all four cereals, even though these species differed 
greatly. Early types were insensitive to temperature and photoperiod. 
Aitken (1961) concluded that flower initiation in Australian oats could 
not be due to lateness because they lacked one or more genes that other 
species possessed for response to temperature and photoperiod. Data of 
Coleman and Belcher (1952) showed that sorgo varieties differed for 
sensitivity to low temperatures. 
Grafius (1956) correlated the average night temperatures for the 
period from tî<ro weeks before until three weeks after an thesis with oat 
variety yields from a number of locations. Some varieties required high 
whereas others required low night temperatures for optimum grain yields. 
Frey (1959) noted, that since panicles per plant and seeds per head are 
established before this period, however, the genotype-night temperature 
interaction, as Grafius described it, could not account for the differential 
yields of the oat varieties. The yield component, weight per 100 seeds 
should have been affected by night temperature during this period, but 
all the varieties reacted quite similarly for this trait. 
Longridge and Griffing (1959) found that the genotypic component of 
the growth variation between races of Arabidopsis thaliana was positively-
correlated with temperature. They could stimulate growth by applying spe­
cific metabolites to races that reacted adversely to high temperatures. 
This suggested that depression of plant growth by high temperature was 
caused by inactivation of temperature-sensitive reactions which could be 
compensated by providing growth stimulants to the plant. 
Cooper (1958) demonstrated that the genotypes of timothy varied greatly 
in flowering response to high temperature, and Burleigh e_t a^ . (1964) 
found differential coleoptile growth among eight wheat genotypes grown 
at high temperatures (80° to 90° F). The varied reaction of 6 lines of 
Phalaris tuberosa grown at day-night temperatures of 16°/S°, 24°/20° 
and 28°/26° C by Scurfield and Biddiscombe (1966) provided additional 
evidence that genotypes differed in reaction to temperature. 
Went (1959) demonstrated that the growing conditions for the parent 
potato plants influenced tuber producing capacity in the next several 
generations. When groim. at cool temperatures, the tuber yields of the 
parent plants and their progenies were higher than when the parents were 
grovTO under warm conditions. There were both morphological and quality 
differences in the tubers. 
From studies with 11 tomato varieties, Curme (1962) concluded that 
it might be feasible to breed for heavy fruit set at low night temperatures 
Schaible (1962) reached a similar conclusion for high night temperatures. 
Maize hybrids tested by McWilliam and Griffing (1965) showed 
temperature-dependent heterosis when grown at temperatures above optimum 
(33°/27° C), below 21°/16° C or following high temperature shocks. The 
hybrids yielded more than inbreds because they were phenotypically 
stable over the entire temperature range. The genetic basis for heterosis 
that was expressed only at high temperature was due to the presence of 
genes that produced thermolabile enzymes only at elevated temperatures. 
Temperature and Crop Yields 
Ambient air temperature, both short term and seasonal, can affect crop 
yields. In Iowa, (Wiggans, 1956) the accumulation of day-degrees over 
40° F required to mature a given variety of oats was the same for plantings 
made in April or May. Likewise, the number of heat units required for a 
variety to reach maturity was similar from year to year and early-maturing 
varieties- required fewer heat units than late-maturing ones. Using data 
from the long-time Illinois corn tests (1903-1950), Runge and Odell (1960) 
showed that above-normal temperature during May 20 r_ June 13 (first three 
weeks after planting) increased grain yields. Conversely, above-normal 
temperatures from June 14 to September 20, and especially during anthesis, 
caused decreased yields. Runge and Odell (1958) found similar results 
for soybean yields. According to Frey and Browning (1959), oat yield 
reductions from an epiphytotic of blast that occurred in Iowa in 1957, 
varied with varieties. The blast was attributed to the occurrence of low 
temperatures during the spikelet differentiation. For winter and spring 
wheats, Welbank and Witts (1965) found that grain yields were significantly, 
positively associated with daily mean temperature during grain filling, 
but negatively associated with mean daily minimum temperature for this 
period. 
Temperature and precipitation records during three growth phases of 
oats (planting, heading and maturity) were related by Fletcher e_t al. 
(1966) to yields of Ajax (early) and Roxton (late) varieties at 5 loca­
tions in eastern Canada from 1940 to 1956. Simple correlation coefficients 
between oat yields and the weather records were small and no method of 
grouping the climate data improved the correlations. They concluded that 
in a climate where temperature and precipitation are seldom limiting, 
weather records were inadequate to measure the true climate-yield relation­
ship of oats. 
Fletcher et al.^ (1966^ .analyzed pea data from 15 planting dates at 
Agassiz, Canada, where temperatures exceeded the optimum in many later 
plantings, and at Vancouver, where temperatures were suboptimum for the 
early plantings and near optimum for the later plantings. The mean maxi­
mum temperature was negatively correlated with total dry-matter yield, 
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peas per pod and pea yield, at the first site and the sane traits at the 
second site. 
Temperature and Other Phenomena 
Temperature affects other plant processes also. Smith and B.enitez 
(1954)-found no conversion of protochlorophyll to chlorophyll a in barley 
leaves at -195° C, extensive conversion at -70° C and rapid conversion at 
40° C. Over a range of 5° -35° C, Friend (1960, 1961) showed a positive 
association between temperature and rate of formation of chlorophyll in 
î-îarquis wheat. The lower temperatures retarded the formation of proto­
chlorophyll. 
Gregory (1926) found that the net assimilation rate of barley was 
positively correlated with the mean day temperature and negatively with 
the mean night temperature. High night temperatures increased respira­
tion and thus reduced the net assimilation rate, (NAR) whereas high day 
temperatures increased NAB. by speeding photosynthesis. The low optimal 
night temperature found in many plants was attributed by Went (1944) and 
Went and Hull (1949) to the fact that their for translocation of 
photosynthetic products was less than 1.0. 
Although respiration did increase with high night temperatures, 
Moss ^  al. (1961) stated that "excessive" respiration probably was not a 
cause of reduced yield in com in New York. Ormrod (1961), in California, 
concluded that low night temperatures resulted in low respiration losses 
of CO^  from young rice plants. 
Forage and grain crops were classified by Murata and lyama (1963) into 
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"northern types," i.e., those with a high photosynthetic rate at 10° to 
15° C, "southern types;" i.e., those withjhighest photosynthesis at about 
35° C. The respiration rate showed a steady, exponential increase with 
increasing temperature in all 12 crops throughout the temperature range. 
According to Friend et al. (1962b), the primary effect of temperature on 
growth of the whole plant is manifested through its effect on respiration 
and morphology. The primary photosynthetic reactions were relatively 
temperature independent. The net affect of temperature increase on 
wheat plants depended on the extent of dry matter loss through elevated 
respiration and dry matter increase through greater leaf area ratio. 
Beevers and Cooper (1964b) subjected ryegrass seedlings to day-night 
temperatures of 12°/12°, 25°/25° and 25°/12° C. Growth in the 12°/12° C 
regime was restricted by retarded respiration. Carbohydrates were de­
graded slowly, resulting in a lowered energy supply (in the form of 
adenosine triphosphate) for other metabolic reactions. 
Investigations of Garza et al. (1965) showed that young alfalfa 
seedlings were favored by high temperature. However, as the amount of 
nonphotosynthetic tissue increased with age of the plants, high tempera­
ture increased respiration more than it increased photosynthesis. Friend 
(1966) presented similar results for 5-week-old plants' of Marquis wheat. 
The effect of temperature on production of specific metabolites has 
been demonstrated in several plant species. Galston and Hand (1949) by 
adding adenine to a nutrient medium for peas nearly alleviated "high 
temperature disease." Bonner (1943^  increased growth by applying 
thiamine to Cosmos when they were grown at a constant temperature of 68° F 
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but not when they were groïra. at 80° F, or at a day-night temperature of 
80*/68° F. Applications of B vitamins, sucrose and ribosides to several 
plant species by Ketellapper and Bonner (1961) resulted in increased dry 
weight in plants grown in non-optimal temperatures. The treatments had 
no significant effect at optimal temperatures. The authors concluded 
that environmental factors influenced plant growth because they affected 
specific biochemical events. 
Sanwal and Krishnan (1961) stated that the enzymes, aldolase and 
phosphatase, in cactus were thermostable, whereas according to Younis 
_ejt _al. (1965), temperature increases caused significant reductions in 
nitrate reductase and nitrate accumulation in com seedlings. Highkin 
(1955) found that tissues of a heat susceptible pea variety contained 
equal amounts of adenine at low (14° C) and high (25° C) temperatures, 
whereas in plants of a resistant variety the amount of adenine at 26° C 
was double that at 14° Cï Kurtz-(1958) indicated, that even though only 
peas and common duckweed (Lemna minor), are known to be protected against 
high temperature damage by the application of adenine, the mechanism of 
high temperature damages through the destruction of adenine may be a 
general phenomenon. 
Fulton and Findlay (1966) noted that ambient temperatures or soil 
moisture regimes which restricted yields of oats, generally increased the 
ash percentage of grain and straw. The nitrogen, phosphorus and 
potassium percentages associated with maxium yield were different for each 
temperature or moisture regime. 
Bonner (1943b) indicated that rubber synthesis in guayule (Partheniuni 
argentatum) was highest at night temperatures of 4° -7® C, and above' 15° C 
little synthesis occurred. According to Howell aa.d Cartter (1953), 
minimum temperatures during the period 20 to 40 days before maturity in 
soybeans were highly correlated (.83 and .75 respectively) with oil 
percentage. Dybing and Zimmerman (1965) and Yermanos and Goodin (1965) 
found that during seed maturation high temperatures generally depressed 
oil content and iodine value of flax. 
Several plant characters expressed at specific temperatures, appear 
to be simply inherited. Little et al. (1940) found the virescent foliage 
in African marigold due to a recessive allele, and Mericle (1950) found 
two recessive genes that caused frayed corn leaves only at high temper­
atures.. Horowitz and Shen (1952) reported a gene in Neurospora that 
controlled the stability of tyrosinase to temperature. 
The mechanisms through which temperature might affect plant growth 
and development have been discussed by Leopold (1964). Extensive changes 
in the amount and nature of substrates in the plant may result from 
reducing temperature. Furthermore, short-term effects of lowered 
temperature on growth, such as the alleviation of dormancy, may be due 
to increases in sugars and acids. However, the availability of substrates 
resulting from low-temperature treatment cannot account for the more per­
sistent plant functions such as flowering and vernalization. Since the 
altered developmental state persists in all initials derived from a 
vernalized meristem, Leopold believes that the temperature experience 
causes a change in the metastable state of some regulating system which 
is self-propagated in the cell. The metastable changes may be regulated 
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by the nucleic acids, since the effects are perpetuated over extended 
periods of time. Also temperature effects on plant growth and develop­
ment may be mediated by changes in enzymes and growth substances. 
Leopold (1964) concluded that - "Almost nothing is known about how a 
temperature experience can alter the development of a plant for an extended 
time. It is tempting to suppose that physical alterations in the cell 
bring about structural alterations of some enzymatic or template-forming 
nucleic acids, which result in protracted alterations. The quantitative 
effects of low temperatures still lack an explanation; the interactions 
of physical effects, respiratory effects, and preferential alteration of 
metabolic systems need to be fitted together to achieve a physiological 
understanding of the manner in which temperatures may alter growth and 
development." 
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MATERIALS AND METHODS 
Genotypes 
I used four bat genotypes in this study: (a) An Australian line, 
A465, that is early maturing and short strawed in Iowa and has large 
seeds and glumes; (b) Clintland 64 (C.I. 6701), which is of medium 
height and stiff strawed, and has mid-season maturity, medium sized 
yellow seeds and is adapted to the Cornbelt; (c) Victorgrain (C.I. 7125), 
developed by Coker Seed Company, has wide adaptation in southeast United 
States, is of medium height, stiff strawed, has a plump seed and is late 
maturing; (d) a tall, stiff strawed variety from Scotland, Craigs-
afterlea (C.I. 7026), which has large stems and leaves, medium sized 
seed and is very late maturing in Iowa. 
•Temperature Treatments and Growth Stages 
Three temperature treatments, low, high and control were imposed upon 
the four oat genotypes. The high and low temperature stresses were applied 
for seven-day intervals at each of five specific growth stages. Each 
growth stage was the subject of one experiment, so I conducted five 
separate experiments. Details as to the level of temperatures applied 
and the growth stages involved are discussed in the section entitled 
RESULTS - Preliminary Investigations. 
General Techniques 
I sowed and grew the oat plants to maturity in controlled environ­
ment chambers. Primary seeds of a given genotype, treated with Ceresan M, 
were planted three per four-inch clay pot, using a sterilized soil mixture 
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of 3 parts loam: 2 parts peat: 1 1/2 parts sand. After emergence, I 
thinned the seedlings to one per pot. Four weeks after planting, I began 
fertilizing weekly with Kapco soluble fertilizer (15-30-15) and the soil 
was never permitted to get dry. Mature oat plants were harvested and 
threshed by hand. A pot with one plant was a plot. 
The growth chambers had a stated temperature range of 45® to 90° F 
"-2°, controlled by two thermostats. Ky studies required a range of 34° 
to 98° F, so two additional heating thermostats had to be installed. Each 
heat controlling thermostat was programmed by a 24-hour time clock. 
The fluorescent and incandescent sources of light were programmed 
by three 24?hour time clocks and allowed a range from 100 to 2000 foot-
candles at plant-top level and the photoperiod was 16 hours in all 
experiments. 
Statistical Design and Analysis 
I used a randomized block design with a 4 x 3 factorial arrangement; 
that is, four genotypes and three temperature levels. The 13 characters 
measured on a per plant basis were dry weight, grain yield, mean seed 
weight (weight per 100 seeds), mean weight of primary and secondary seeds, 
total seed number, numbers of primary and secondary seeds, days-to-head 
and anthesis (from date of planting), plant height (cm.), panicles and 
sterile florets per plant. 
An analysis of variance was conducted for each character in each of 
the five experiments (Table 1), The number of replications per experiment 
was determined, by the bench space available in the controlled environment 
chamber, the number of experiments to be conducted and the length of time 
necessary to conclude the experiments. 
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Table 1. Sources of variation and degrees of freedom in analyses of 
variance for the five experiments 
Degrees of freedom 
Source Experiments 
6 7 8 9 10 
Replications 4 2 4 3 3 
Treatments (11) (11) (11) (11) (11) 
Genotypes 3 3 3 3 3 
Temperatures 2 2 2 2 2 
Genotypes x 6 6 6 6 6 
temperatures 
Error 44 22 44 36 36 
Total 59 35 59 47 47 
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One objective was to determine if there were genetic differences 
among the four oat genotypes for tolerance to abnormal temperatures. 
Significant mean squares among genotypes, temperatures and genotype x 
temperature, had little meaning in answering this objective, since no 
comparison with the check (control) treatment was provided. To provide 
a comparison between the treated and check plants, covariance analysis 
was utilized in which the control was designated as the X (independent 
variable) and the high and low temperature treatments as the dependent 
variables and Y^ , respectively. Then the character means from the 
plants that were treated with high or low temperature were adjusted to 
eliminate genotype differences in the control. If significant differ­
ences existed among the genotype means after the adjustment of Y^  (high 
temperature treatment) and Y^  (low temperature treatment) for X (control), 
the genotypes reacted differentially to temperatures. So, the 
covariance analysis provided the major test to determine if genetic 
differences existed among the four oat genotypes for reaction to abnormal 
temperatures. 
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RESULTS 
Preliminary Investigations 
To employ controlled environment chambers, I had to examine several 
preliminary problems. To make the data from the growth chamber experi­
ments meaningful, I used field climatological data to establish a 
diurnal temperature curve for the Apri1-May-June period which was then 
approximated in the growth chamber. Also, I had to establish the rela­
tionships between external and internal stages of growth of the plants 
and levels of temperature stresses that were to be imposed upon the four 
oat genotypes. 
Diurnal temperatures in the field and growth chamber 
I examined diurnal hourly temperatures for Ames, Iowa (Shaw, 1966) 
for April, May and June, the normal growth period for oats in Iowa, and 
found the curve representing the diurnal temperatures to be essentially 
the same shape during all three months (Figure 1). 
To approximate the natural diurnal temperature curve in the controlled 
environment chamber, several sources of energy were used to fluctuate the 
heat load. Fluorescent and incandescent lights, three independent 
thermostatically controlled heaters and a refrigeration unit provided 
various combinations which increased or decreased the energy input into 
the system as programmed on 24-hour time clocks. After many trials, the 
program in Figure 1 was chosen since it produced a curve that approx­
imated the field temperature curve. 
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The Wo diurnal curves in Figure 1 represent the average April 1 
temperatures of 53° maximum and 39® F minimum. The growth chamber curve 
was attained using thermostat settings of day - 41°, night - 41°, heater 
#1 - 42°, heater #2 - 51° F and the illustrated program. The shape of 
the natural diurnal temperature curve was, in general, the same through­
out the growing season for oats, so the same program for lights and 
heating elements was usable for the whole season. To obtain the simu­
lated seasonal temperature curve or to obtain.the high and low temper­
ature treatments it was only necessary to shift the intact diurnal temper­
ature curve program upward and/or downward. 
Determining growth stages for temperature treatments 
Little is known about what stages in the growth of the oat plant are 
most affected by temperature stress. Of course, the effect of stress 
temperatures are usually measured in terms of influence on yield. For 
three experiments, I chose to apply the temperature stresses at stages of 
growth that corresponded with the differentiation and/or growth of specific 
yield components, seeds per plant, panicles per plant and seed weight. 
These components are differentiated at different stages of plant growth 
and indirectly they constitute grain yield, 
Bonnett (1961) divides the life cycle of the oat plant, from germin­
ation to mature seed, into four stages: vegetative, transitional, repro­
ductive and seed. Each stage can be distinguished from the others by • 
its morphological characteristics and by developmental events that occur 
in it. 
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The yield component, panicles per plant, is differentiated in the 
vegetative stage in the form of tillers. Seeds per panicle is influenced 
by differentiation of the panicle and floral primordia and events that 
occur at anthesis. Seed weight is affected by environmental variations 
during anthesis and grain filling period. 
Since I wanted to determine: (1) if there were differences among the 
four oat genotypes for tolerance to temperature stress imposed at any 
given growth stage and; (2) if growth stages for each genotype varied in 
reaction to stress temperatures, all genotypes had to be at the same stage 
of growth when a given temperature treatment was applied. 
Bonnett (1961) indicated that the visible leaf number is correlated 
with the stage of development of the shoot apex of a given genotype. 
Therefore, I conducted an experiment in the growth chamber to establish 
the exact relationship between development of the shoot apex and visable 
leaf number for each of the four genotypes. This experiment was con­
ducted in a two replicate randomized block design with a split-plot 
arrangement, using leaf number as the whole plots and genotypes as the 
sub-plots. The four genotypes were planted at the same time in a growth 
chamber programmed for a seasonal temperatures that occur during the 
April-June period in central Iowa. Plant samples were taken at 14 
stages, i.e., when each of the seven leaves on the central culm first 
appeared and again when each was fully expanded, for each genotype. 
Samples were killed and fixed in FAA. (Sass, 1958). By dissecting these 
samples I was able to construct the relationship between stage of develop­
ment of the shoot apex and external morphology that is summarized for 
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each genotype in Table 2. By knowing the number of days each genotype 
required to reach a particular growth stage, I could stagger the planting 
dates so that all genotypes were ready for a given temperature treatment 
on the same date. An thesis, one stage when temperature stress was 
imposed, was determined visually. Temperature stress during grain filling 
was applied 13 days after anthesis. According to Frey, e^  al. (1958), 
this is the period of most rapid grain filling. 
In total, five experiments were conducted in which the four oat 
genotypes were subjected to temperature treatments at the following 
stages of growth; 
Exp. 6 - initiation and differentiation of tillers 
Exp. 7 - elongation of shoot apex 
Exp. 8 - initiation and differentiation of floral 
reproductive structures 
Exp. 9 - anthesis 
Exp. 10 - grain filling 
Determination of temperature treatments 
The next step was to determine the temperature treatments and their 
durations to be used for the treatments. From examination of Ames, Iowa 
climatological data for April, May and June (Shaw, 1966), I found that 
extreme variations in temperature are likely to occur for intervals of 
seven consecutive days, so the treatment periods were standardized at 
seven days. 
The high and low temperature treatments applied at the various stages 
of growth were also selected from climatological data. First, I would 
Table 2, Relationship of external plant (leaf) morphology and developmental stage of shoot apex for 
four oat genotypes 
External plant morphology when 
Genotypes 
A465 
Clintland 64 
Victorgraln 
CraifiS'iaf terlea 
developmental stage was 
Differentiation of 
tillers 
Tip of 2nd leaf 
Tip 2nd leaf 
Tip 2nd leaf 
Tip 2nd leaf 
Elongation of 
shoot apex 
1st Ic.if expanded 
Tip 3rd leaf 
Tip 3rd leaf 
Tip 3rd leaf 
Differentiation of 
stamens and pistils 
Tip 5th leaf 
Tip 5th leaf 
Tip 5th leaf 
4th leaf expanded 
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determine the 7-day period in April, May or June at which a given growth 
stage would occur assuming an April 1 planting date and the rate of 
development for oats found in the preliminary experiment. For example, 
the mean number of days required for the four oat genotypes to reach 
tiller initiation and differentiation was 26, so the high temperature 
selected for treatment of oat plants at this stage of development 
corresponded to those that occurred during the week of April 23 to 30 
in Iowa. The high temperature actually used was found as follows; From 
a publication by Shaw (1963), which gives the probability curves for 
maximum and minimum temperatures at Ames, Iowa for the 10, 25, 50, 75 
and 90 percent levels, I calculated, for each day during the April 23 
to 30 period, the maximum temperature for which there was a ten percent 
probability that a temperature that high or higher would occur. Shaw 
(1966) has compiled additional data for daily maximum and minimum 
temperatures for the past sixty years. From these data I calculated for 
each day, the mean of all maximum temperatures that were above the level 
that had a ten percent probability of occurrence. This mean was used 
as the high temperature treatment for the tiller initiation and differ­
entiation stage of development. Similarly, a mean for the low temperature 
was obtained. 
The high and low temperatures that were used at the five stages of 
development were obtained similarly, using data for the appropriate dates 
in April, May or June. The diurnal maximum/minimum values of temperature 
treatments applied to the four oat genotypes are given in Table 3. 
t 
Table 3, Temperatures (max./min,, " F) applied at five growth stages of oats 
Temperature Growth stages 
treatment Tiller differ- Apex elonga- Pistil-stamen Anthesis Grain 
level entiation tion differentiation Filling 
(exp. 6) (exp. 7) (exp. 8) (exp. 9) (exp. 10) 
Low 49/35 • 49/35 56/36 66/46 70/50 
Control 65/47 65/47 72/53 78/63 88/66  ^
Ui 
High 84/59 84/59 88/63 93/72 98/72 
April 11 April 17 May 15 June 14 June 28 j^ / j 
/^ Dates temperatures occur in field Ames, Iowa. 
36 
Oat plants to be given a temperature treatment were removed from the 
original growth chamber when at the appropriate growth stage (as indicated 
by the correlation of external leaf morphology with the developing shoot 
apex) and placed in a treatment growth chamber for seven days. Until the 
time of treatment the oat plants were grown in temperature regimes approxi­
mating average field temperatures for the same growth period. After the 
seven-day temperature treatment, the plants were returned to the original 
growth chamber where they, along with the control plants, were grown to 
maturity in a "normal" temperature regime. 
Growth Stages and Temperature Effects 
Tiller differentiation - experiment _6 
During the differentiation of tillers, the maximum/minimum tempera­
tures used were 49*/35° F for the low temperature treatment, 65*/47° F for 
the control, and 84"/59° F for the high temperature treatment (Table 3), 
Significant differences due to temperatures were noted for all charac­
ters except number of panicles per plant and dry weight (Table 4), Both 
high and low temperature treatments during tiller differentiation caused a 
reduction in grain yield when compared to control (Figure 2A, Table 5>. The 
reduction was greater with low than with high temperature, i.e., 13 and 4 
percent, respectively. The number of seeds per plant increased with an in­
crease in temperature, whereas seed weight and panicles per plant decreased 
with increasing temperature. Significant differences among temperatures were 
apparent for the first two yield components, but for the latter (Table 4), 
Low temperature during tiller differentiation produced higher numbers of ster­
ile florets than either normal or high temperature treatments (Figure 2A). 
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Table 4. Mean squares from the analyses of variance for nine characters 
measured on oat plants subjected to low, control or high 
temperature treatments during differentiation of tillers 
(exp. 6) 
Characters Sources of variation 
Varieties Temperatures Var. X Temp. 
Dry wt. . 16.89 ** 0.96 0 .12 
Grain yield 0.9584** 1.8778** 0 .0836 
100 seed wt. 3.0023** 0.6290** 0, .2512Vw'-
Seeds/plant 6548 ** 4860 ** 964 -A-
Days-to-head 836 ** 603 ** 15 
Days-to-anthesis 745 -k-k 730 ** . 6 Vj 
Plant ht. 6256 ** 961 VnV 143 •k 
Panicles/plant 9.7944'f* 0.4500 0. ,8944** 
Sterile florets 17834 ** 1158 ** 663 
* F value exceeds 5% level of significance. 
** F value exceeds 1% level of significance. 
Figure 2. Mean production from four oat genotypes subjected to 
low, control and high temperatures during differentiation 
of tillers (exp, 6), 
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Table 5. Means of nine characters measured on four oat genotypes 
subjected to low, control and high temperature treatments, 
during tiller differentiation (exp. 6) 
Temoerature levels 
Characters Low Control High 
Dry wt. jy 10.16 10.49 10.08 
Grain yield _l/ 4.08 4.69 4.46 
100 seed wt. 1/ 3.16 3.00 2.80 
Seeds/plant 133. 158. 162. 
Days-to-head 2_/ 88 77 81 
Days-to-an thesis _2/ 84 72 77 
Plant ht. V 156 146 ' 143 
Panicles/plant 2.4 2.2 2.1 
Sterile florets 52 39 38 
1/ 
2/ 
3/ 
Grams 
Days after planting 
Centimeters, 
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The characters, days-to-an.thesis and days-to-head, responded similarly 
to temperature treatments (Figure 2B), i.e., when compared to the control 
the low and high temperatures increased days-to-anthesis and days-to-head 
12 and 4, and 11 and 4 days, respectively (Table 5). Total dry weight 
was reduced by both the low and high temperature treatments applied while 
tillers were being differentiated, and mean plant height decreased from 
156 at the low temperature to 146 and 143 cm in the control and high 
temperature treatments, respectively (Figure 2C, Table 5). 
The yield decreases by high and low temperature treatments at the 
tiller differentiation stage were actually due to different causes. The 
suppression of grain yield by low temperature was caused by decreased 
seed numbers, whereas the lowered grain yield from high temperature was 
a result of suppressed seed weight and number of panicles per plant 
(Figure 2A). Even though seed number increased with rising temperature 
levels, the adverse reaction of other yield components to high tempera­
ture negated this reaction. • 
Shoot apex elongation - experiment _7 
The seven-day temperature treatments applied to the four oat geno­
types when the shoot apices were elongating, were maximum/minimum of 
49°/35°, 65V47® and 84°/59® F for the low, control and high temperature 
treatments, respectively (Table 3). Seven of the nine characters 
measured (Table 6) showed significant differences due to temperature 
treatments. The exceptions were panicles per plant and the number of 
sterile florets. 
41 
Table 6. Mean squares from the analyses of variance of nine characters 
measured 03 oat plants subjected to low, control or high 
temperature treatments during elongation of shoot apices 
(exp. 7) 
Characters Sources of variation 
Varieties Temperatures Var. X Temp. 
Dry wt. 9.84 ** 2.61 ** 1 .36 * 
Grain yield 0.4071 1.3956** 0 .4560* 
100 seed wt. 1.5165*:'; 0.1599* 0 .2332** 
Seeds/plant 4777 ** 1419 ** 1563 'J~k 
Days-to-head 374 VwV 685 ** 9 
Days-to-anthesis 339 ** 698 ** 5 •sWr 
Plant ht. 4046 'f* 392 ** 65 
Panicles/plant 3.8518** 0.0278 0. ,3241 
Sterile florets 9317 ** 552 550 
* F value exceeds 5% level of significance. 
** F value exceeds 1% level of significance. 
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When compared to the control, the low and high temperatures depressed 
grain yields (Figure 3A) about 12 and 5 percent, respectively (Table 7). 
Number of seeds per plant for the control and high temperature treat­
ments were the same, whereas, the number occurring at the low temperature 
•was 11 percent lower (Figure 3A), Although significant differences were 
not apparent among temperature level means (Table 6), the number of panicles 
per plant was higher at the low temperature level than at the other two. The 
high temperature stress caused a lower seed weight, (Figure 3A). A decrease 
in the number of sterile florets as temperature was increased is evident 
in Figure 3A, though no significant differences among temperature means 
were noted for this character (Table 6), 
Temperatures, both high and low, applied when oat shoot apices were 
elongating resulted in delays of both anthesis date and heading date 
(Figure 3B), When compared to the control, the an thesis date and heading 
date were prolonged 15 and 8 days, and 15 and 7 days by the respective low 
and high•temperature treatments (Table 7). 
Total dry weight of the oat plants was considerably suppressed by both 
low and high temperature treatments (Table 7, Figure 3C). A delay in 
maturity of oats often results in increased dry weight and taller plants, 
but this did not occur in my experimentsa Plant height was decreased from 
154, to 147 and 143 cm (Table 7, Figure 3C) with increases in temperature 
applied during the seven-day period. 
The decreased yield of grain at the low temperature level resulted 
from a reduced number of seeds per plant, whereas a reduction in seed 
weight caused the yield depression at the high temperature level. The 
similarity in results from experiments 6 and 7 was not unexpected, since 
Figure 3. Mean, production from four oat genotypes subjected to 
low, control and high temperatures during elongation 
of at shoot apices (exp, 7), 
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Table 7, Means of nine characters measured on four oat genotypes 
subjected to low, control and high temperature treatments 
during elongation of shoot apices (exp. 7) 
Temperature levels 
Characters Low Control High 
Dry wt. 1/ 9.71 10.58 9.87 
Grain yield jY 4.03 4.71 4.39 
100 seed wt. _!/ 3.02 3.00 2.81 
Seeds/plant 140 158 159 
Days-to-head 91 76 83 
Days-to-an thesis _2/ 86 71 79 
Plant ht. _3/ 154 147 143 
Panicles/plant 2.2 2.1 2.1 
Sterile florets 51 43 38 
"U Grams 
2/ Days after planting 
V Centimeters 
tiller differentiation and elongation of shoot apices occur only about one 
week apart» 
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Differentiation of floral reproductive structures - experiment 8 
The maximum/minimum temperatures to which the oat genotypes were 
exposed for seven days when primordia of stamens and pistils were evident 
on the differentiating shoot apex were 56°/36°, 72°/53® and 88°/63® F for 
the respective low, control and high temperature treatments (Table 3). 
The three temperatures applied at this stage did not diffentially affect 
grain yield, dry weight, plant height, panicles per plant or number 
of sterile forets. The differences observed for seed weight, seed 
number, days-to-anthesis and days-to-head resulting from temperature 
treatments were significant (Table 8). 
Grain yield and the number of sterile florets varied little as a 
result of temperature treatments when floral reproductive structures 
were being differentiated on the shoot apex (Figure 4A). The mean number 
of seeds per plant increased about 8 percent from the low temperature 
treatment, but the high temperature caused no significant change 
(Figure 4A, Table 9), The seed weight increased as the number of seeds 
decreased. A slight increase in the number of panicles per plant occurred 
as a result of the high temperature stress, but the change among temper­
ature levels was not significant. 
The responses of anthesis date and heading date to temperature treat­
ments were similar. As the temperature level was increased from low, to 
control to high, the number of days required to reach heading was reduced 
from 81, 77 and 75, respectively (Figure 4B, Table 9). 
Total dry weight varied somewhat as a result of the temperature 
treatments (Figure 4C), with both high and low levels giving more yield 
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Table 8. Mean squares from the analyses of variance of nine characters 
measured on oat plants subjected to low, control or high 
temperature treatments during differentiation of floral 
reproductive structures (exp. 8) 
Characters Sources of variations 
Varieties Temperatures Var. X temp. 
Dry wt. 11.19 ** 0.42 0.76 
Grain yield 1.2567** 0.0673 0.2918 
100 seed wt. 2.4700** 0.3472 0.0714* 
Seeds/plant 6955 ** 1557 ** 1374 ** 
Days-to-head 696 -irk 192 ** 6 
Days-to-anthesis 555 t'r* 228 ** 6 
Plant ht. 6064 ** 63 23 
Panicles/plant 8.9500** 0.0500 0.1167 
Sterile florets 17702 ** 114 429 
* F value exceeds 5°A level of significance, 
** F value exceeds 1% level of significance. 
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Figure 4, Mean production from four oat genotypes subjected to 
low, control and high temperatures during differentiation 
of floral reproductive structures (exp, 8). 
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Table 9, Means of nine characters measured on four oat genotypes 
subjected to low, control and high temperature treatments 
during differentiation of floral reproductive structures 
(exp. 8) 
Temoerature levels 
Characters Low Control High 
Dry wt. y 10.75 10.49 10.73 
Grain yield Ij 4.80 4.69 4.76 
100 seed wt. 1/ 2.87 3.00 3.12 
Seeds/plant 171 158 154 
Days-to-head 2/ 81 77 75 
Days-to-an thesis _2/ 76 72 70 
Plant ht. _3/ 147 146 144 
Panicles/plant 2.2 2.2 2,3 
Sterile florets 35 39 34 
]L/ • Grams 
2J Days from planting 
_3/ Centimeters 
49 
than the control. Plant height decreased but not significantly, with 
increasing temperature levels. 
The mean grain yield showed a stable reaction to treatment tempera­
tures imposed for seven days during differentiation of stamens and pistils. 
Significant differences among temperature levels for this character were 
lacking even though the yield components, seed weight and seed number per 
plant, differed significantly (Table 8). The trends were for seed weight 
to increase and seed number per plant to decrease as the temperature of 
the treatment period was elevated, so they offset each other. 
An thesis - experiment 9_ 
The respective maximum/minimum temperatures for the low, control and 
high temperature treatments imposed upon the four oat genotypes for seven 
days at the time of anthesis were 66°/46°, 78°/63° and 93*/72° F (Table 3). 
Significant differences existed among means for temperature treatments for 
dry weight, grain yield, seed weight, seed number, days-to-head, plant 
height and number of sterile florets, but not for panicles per plant 
(Table 10). 
The low temperature treatment applied at anthesis actually augmented 
grain yield, but high temperature caused a 35 percent reduction (Figure 5A) 
when compared to the control. The mean yields of grain were 5.89, 5.75 
and 3.52 grams for the low, control and high temperature treatments, 
respectively (Table 11). When oat plants were given the high temperature 
treatmient at the tiller differentiation, stem elongation, or meiosis 
stages (experiments 6, 7 and 8, respectively) the grain yield was reduced 
somewhat, but not nearly as drastically as when treated at anthesis. 
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Table 10. Mean squares from the analyses of variance of nine characters 
measured on oat plants subjected to low, control or high 
temperature treatments during anthesis of genotypes (exp. 9) 
Characters Sources of variation 
Varieties Temperatures Var. x temp. 
Dry wt. 32.80 ** 11.51 ** 1 .55 * 
Grain yield 6.9881** 28.2818** 3 .1473** 
100 seed wt. 4.0623** 2.9578** 0 .1219 
Seeds/plant 26252 ** 57174 ** 2928 VwV 
Days-to-head 1182 ** 108 ** 5 ** 
Days-to-anthesis no data 
Plant ht. 5292 vrff 1825 ** 67 v-v 
Panicles/plant 9.9097** 0.8125** 0. ,5347 
Sterile florets 20038 ** 56570 ** 2592 
* F'value exceeds 5% level of significance. 
** F value exceeds 1% level of significance. 
Figure 5, Mean production from four oat genotypes subjected 
to low, control and high temperatures during 
anthesis (exp, 9), 
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Table 11. Means of nine characters measured on four oat genotypes 
"subjected to low, control and high temperature treatments 
during anthesis of genotypes (exp. 9) 
Characters 
Temperature levels 
Low Control High 
Dry wt, jy 14.39 13.39 12.70 
Grain yield _!/ 5.89 5.75 3.52 
100 seed wt. _!/ 3.10 2.85 3.69 
Seeds/plant 194 211 100 
Days-to-head 89 85 85 
Days-to-anthesis 2/ no data 
Plant ht. 3/ 146 146 128 
Panicles/plant 3.0 2.9 3.3 
Sterile florets 52 68 162 
_1/ Grams 
2/ Days after planting 
3/ Centimeters 
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When compared to the control, both low and high temperature treat­
ments caused decreased seed numbers, with the suppression at the high 
temperature level being similar to the grain yield reduction (Figure 5A). 
Mean panicles per plant and seed.weight were greater at the high temper­
ature level than the control or low temperature treatment (Figure 5A, 
Table 11). Increase in weight per 100 seeds may have been an artifact 
resulting from the decrease in the number of seeds. In general, an increase 
in temperature resulted in an increase in the number of sterile florets 
per panicle (Figure 5A). High temperature during anthesis of oats 
caused more than twice as much sterility as did the control (Table 11). 
The mean number of days-to-head was 89 for the low temperature and 
85 for the control and high temperatures (Figure 5B, Table 11), indica- - • -
ting delayed maturity caused by the lower temperature. High tempera­
ture stress applied during anthesis resulted in an 18 cm decrease in 
plant height, compared to the low and control temperatures (Figure 5C, 
Table 11). There was a decline of dry weight with increased temperatures. 
Low temperature treatment during anthesis was somewhat beneficial to oat 
plant growth, but the changes were not drastic when compared with the 
control. However, the high temperature treatment caused severe plant 
reactions which speeded up maturity, increased sterility and generally 
drastically reduced the expression of all traits. 
Grain filling - experiment 10 
During grain filling, low, control and high maximum/minimum tempera­
tures of 70°/50*, 88®/60° and 98°/72° F, were imposed upon the oat 
54 
plants (Table 3). This treatment was applied for a seven-day period 
starting 13 days after anthesis. Significant differences were found 
among temperature treatment means for dry weight, grain yield, seed 
weight, seed number and the number of sterile florets per plant (Table 12). 
No significant differences existed among temperature treatment means for 
plant height or panicles per plant. 
As temperature was increased during grain filling, the yield of grain 
was suppressed significantly (Figure 6A) but not nearly as drastically as 
when the high temperature was applied at anthesis. The total decrease 
from low to high temperature treatment was about 8 percent (Table 13). 
The number of seeds per plant was suppressed about 15 percent by both low 
and high temperature treatments (Figure 6A, Table 13). Seed weight 
reacted reciprocally to total seed number plant, i.e., 100-seed weight 
increased when either low or high temperature was applied (Figure 6A). 
The temperature treatments did not significantly affect panicles per plant 
(Table 12). Even though a significant difference among temperature treat­
ment means was indicated (Table 12) for the number of sterile florets. 
Figure 10 shows that the differences were small. 
Dry weight was, in general, suppressed by increased temperature 
during grain filling (Figure 6B), which may reflect increased respiration 
of carbohydrates at high night temperatures. Plant height on the other 
hand, was not suppressed by the high temperature treatment when compared 
to the control, but the low temperature probably allowed further elongation 
of plant cells resulting in increased height. 
The augmentation of grain yield at the low temperature, when compared 
to the control, can be attributed to an increase in seed weight. At the 
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Table 12. Mean, squares froa the analyses of variance of seven characters 
measured on oat plants subjected to low, control or high 
temperature treatments during grain filling (exp. 10) 
Characters Sources of variation 
Varieties Temperatures Var. X temp. 
Dry wt. 36 .09 **• 2 .78 * 0, .72 
Grain yield 1 .2435** 0 .9738* 0. .5053 
100 seed wt. 5 .3173** 1 .4110-.'-* 0. ,1534** 
Seeds/plant 27908 •Sr>V 4157 * 152 
Plant ht. 7078 ** 42 - 88 ** 
Panicles/plant 7, .3889** 0 .2500 0. 4722 
Sterile florets 13683 ** 1024 •sWf 1126 
* F value exceeds 5% level of significance. 
** F value exceeds 17» level of significance. 
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to low, control and high temperatures during 
grain filling (exp. 10). • 
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Table 13, Means of seven characters measured on four oat genotypes 
subjected to low, control and high temperature treatments 
during grain filling (exp. 10) 
Temperature levels 
Characters Low Control High 
Dry wt, _1/ 13.61 13.39 12.81 
Grain yield _1/ • 6.04 5.75 5.55 
100 seed wt, 1/ 3.44 2.84 3.19, 
Seeds/plant . 182 211 183 
Plant ht, 7J 149 146 146 
Panicles/plant 3.0 2.9 3.1 
Sterile florets 52 68 60 
"U Grams 
.Tj Centimeters 
58 
high temperature, increases in-seed weight were offset by decreased 
numbers of seeds to a point that grain yield was significantly suppressed. 
The reduction in seed number as a result of high and low temperatures was 
not expected and may have resulted from embryo abortion or sterility in 
late maturing panicles. 
Genotypes and Temperature Effects 
Genotype x temperature interactions 
Tiller differentiation - experiment ^  
Analysis of variance Significant differences were found 
among genotypes for all the characters measured (Table 4), and among 
temperature treatment means there was significance for all characters 
except two, dry weight and panicles per plant. The genotype x tempera­
ture mean squares were significant for 100-seed weight, number of seeds, 
panicles per plant, days-to-head and plant height. 
Covariance analysis Varieties differed significantly for 
seven of eight characters at the high and for all characters at the low 
temperature. The exception at the high temperature was grain yield 
(Table 14). 
Covariance analysis was used to remove normal genotype differences 
that existed at the control temperature. This method of analysis pro­
vided an opportunity to examine actual differences in genotype reaction 
to high and low temperatures unconfounded with differential reactions 
of the genotypes at normal temperatures. 
After the genotypic responses to high temperature treatment were 
adjusted for genotypic differences that existed at the control treatment. 
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Table 14. Mean squares among genotypes from variance (AOV) and covariance 
(coy) analyses of data collected froa oat plants subjected to 
high (Y^ ), low (Y.) and control (X) temperatures during 
differentiation or tillers (exp. 6) 
Characters 
AOV C07 
High temp. Low 'temp. XYi XY2 
Dry wt. 620 ** 494 ** 412 ** 95 ** 
Grain yield 5815 4426 ** 6445 3982 ** 
100 seed wt. 8856 •Jrk 19060 ** 4333 ** 4304 ** 
Seeds/plant 3942 •iric 3148 ** 3856 ** 2072 ** 
Days-to-head 358 ** 234 ** 59 ** 43 
Plant ht. 2800 ** .1410 îV-X- 284 ** 71 
Panicles/plant 12. 67** 6. 93** 0.887** 3.251** 
Sterile florets 10329 ** 5198 ** 3816 ** 2139 :'f* 
* F value exceeds 57» level of significance 
** F value exceeds 10% level of significance 
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there still remained significant differences among genotypes for dry 
weight, seed weight, number of seeds, days-to-head, plant height, panicles 
per plant, and number of sterile florets (Table 14), After adjustment 
for the control the genotype mean squares at the low temperature were 
significant for all characters except dry weight and plant height. 
Low temperature stress imposed during tiller differentiation caused 
significant differential grain yields among genotypes but high tempera­
ture treatment did not. 
Characters Low temperature stress during tiller differ­
entiation suppressed the yield of grain of all four genotypes (Figure 7A), 
The variety ranking was the same at all three temperature treatments with 
A465 being highest and Craigs-afterlea lowest. The only hint of variety 
interaction with temperature level is the fact that A465 produced a better 
yield at the high temperature than at the control, whereas the other three 
produced reduced yields at the high temperature. 
The number of seeds per plant was reduced as a result of low temper­
ature treatment (Figure 7D), Clintland 64, A465 and Victorgrain responded 
to increased temperature by producing more seeds per plant, but Craigs-
afterlea, after showing an increase from low to control temperature had a 
marked decrease when subjected to the high temperature. 
Seed weight is indirectly influenced by seed number. This is 
illustrated in Figures 7B and D. In general, wherever a temperature 
treatment increased seed number the seed weight was decreased and vice 
versa, for all genotypes. 
The responses of the number of panicles per plant to the three 
temperatures was different for each genotype, Clintland 64 produced two 
Figure 7, Response of four oat genotypes to temperature 
treatments imposed during differentiation of 
tillers (exp. 6). 
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panicles per plant at each temperature (Figure 7C, Table 15); increased 
temperature suppressed the number of panicles produced by A465; Craigs-
afterlea showed an increase in number of panicles at the high temperature 
stress; both low and high temperatures decreased the number of panicles 
per plant in Victorgrain. 
The number of seeds in an oat panicle is generally negatively related 
to the number of sterile florets. High temperature applied when tillers 
were differentiating resulted in a general decrease in the number of 
sterile florets for Clintland 64, A465 and Victorgrain (Figure 8A). 
Craigs-afterlea had more sterile florets than any other genotype at all 
three temperature levels and both high and low temperatures increased 
the number of sterile florets per plant in this variety (Table 15). 
Low temperature treatment delayed maturity (days-to-head) for all 
genotypes. The delay ranged from 14 days for Clintland 64 to eight days 
for A465 (Figure 8B). High temperature also delayed maturity, but not 
to the same extent.. At the high temperature, the delayed maturities 
ranged from zero for A465 to seven days for Clintland 64. (Table 15). 
High and low temperature treatments during differentiation of tillers 
did not alter the total dry weight appreciably for any genotype (Figure 7D). 
Craigs-af terlea', the late maturing one, exhibited the highest mean dry 
weight at each temperature level while the late maturing Victorgrain had 
the lowest. The low temperature treatment resulted in taller plants, 
compared to the control, while the high temperature, with the exception 
of Victorgrain, decreased plant height for all genotypes (Figure 8C, 
Table 15). 
Table 15. Means of 13 characters for four oat genotyp 
during differentiation of tillers (exp, 6) 
Character and 
genotypes 
Temperatures 
Low Control High Mean 
Dry wt. 1/ 
A465 9.84 9,84 9.80 9.83 
Clintland 64 9.70 10.16 9.52 9.79 
Victorgrain 9.48 9.86 • 9.28 9.54 
Craigs-afterlea 11.64 12.12 11.72 11.83 
Mean 10.16 10.49 10.08 
Primary seed yield 1/ 
A465 2.48 2.78 2.72 2.66 
Clintland 64 2.85 3.06 2.88 2.93 
Victorgrain 2.44 2.96 2.73 2.71 
Craigs-af terlea 2.95 3.36 3.49 3.26 
Mean 2.68 3.04 2.96 
Average 100-seed wt. 1/ 
A465 3.68 3.23 2.93 3.28 
Clintland 64 2.64 2.78 2.26 2.78 
Victorgrain 3.70 3.40 3.27 3.40 
Craigs-afterlea 2.60 2.59 2.76 2.65 
Mean 3.16 3.00 2.80 
JL/ Grams per plant 
subjected to three temperature levels 
Temperatures 
Character Low Control 
} 
High Mean 
yield 
1 
1/ 
4.35 4.88 4.90 4.71 
4.30 4.68 4.48 4.49 
3.98 4.68 4.38 4.35 
3.71 4.52 4.07 4.11 
4.08 4.69 4.46 
leed yield 1/ 
1.82 1.89 1.81 1.84 
1.45 1.62 1.60 1.56 
1.53 1.72 1.64 1.63 
0.76 1.17 0.59 0.84 
1.39 1.60 1.41 
:. , primary seeds 1/ 
4.61 4.16 3.97 4.25 
3.16 3.38 2.78 3.11 
4.50 4.13 4.02 4.22 
3.13 3.20 3.19 3.1.8 
3.85 3.72 3.49 
Table 15, (continued) 
Character and Temperatures 
genotypes Low Control High 
100 seed wt., 'secondary seeds 1/ 
. A465 3.06 2.78 2.66 
Clintland 64 1.99 2.07 1.68 
Victorgrain 2.88 2.58 2.49 
Craigs-afterlea 1.54 1.67 1.53 
Mean 2.37 2.28 2.09 
Primary seeds per plant 
A465 54 66 69 
Clintland 64 90 90 104 
Victorgrain 54 72 68 
Craigs-afterlea 94 105 110 
Mean 73 83 88 
Days-to-head 2/ 
A465 81 73 73 
Clintland 64 .84 70 77 
Victorgrain 88 76 81 
Craigs-afterlea 97 87 93 
Mean 88 77 81 
\/ Grams per plant 
"U Days after planting 
Tempera tures 
Character Low Control High Mean 
Total seeds per plant 
118 152 168 146 
164 169 199 177 
108 138 134 127 
144 175 148 156 
133 158 162 
Secondary seeds per plant 
•  • I  , . M I I » »  » .  — <  I  A .i.^ i 1 
59 68 
74 78 
.54 67 
50 70 
59 71 
69 66 
95 82 
66 62 
52 
67 
Days-to-a n tli esis 2 / 
78 " 68 
82 68 
82 69 
94 82 
84 72 
70 72 
74 75 
75 75 
88 
77 
Table 15. (continued) 
Character and Temperatures 
genotypes . Low Control High Mean 
Plant ht. V 
M65~ , 139 
Clintland 64 157 
Victorgrain 150 
Craigs-afterlea 178 
Mean 156 
Sterile florets per plant 
1^  ^m III » W ..m.i • I • II I IB •m» m 
A465 34 
Clintland 64 34 
Victorgrain 39 
Craigs-afterlea 100 
Mean 52 
122 116 126 
147 136 147 
140 146 145 
174 173 175 
146 143 
18 17 23 
38 18 30 
22 12 24 
77 106 95 
39 38 
V Centimeters 
Temperatures 
Character Low Control High Mean 
Panicles per plant 
4.0 3.0 2.8 3.3 
2.0 2.0 2.0 2.0 
2.4 2.8 2.0 2.4 
1.2 1.2 1.6 1.3 
2.4 2.2 2.1 
66 
A465 
CLINTLAND 64-
A 
100 
<0 
h-
LU 
cr 
Q 
LJ 
U 
£C. 
LU 
(— 
CO 
50 
E 
o 
180 
175 
165 
155 
J-- 145 
% 
< 
û. 
135 
125 
115 
. • 
98 
VICTORGRAIN --
CRAI6S AFTERLEA 
B 
\ 
\ 
\ 
\ 
901- \ / 
Q 
< 
LU 
X 
0 
H 80 
1 
o 
70L 
I3r 
Il 
H 
>-
o: 
o 
LOW CONTROL HIGH LOW CONTROL 
TEMPERATURE LEVELS 
HIGH 
Figure 8. Response of four oat genotypes to temperature treatments imposed 
during differentiation of tillers (exp. 6), 
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The fact that genotypes reacted differently in grain yield to various 
temperature treatments is illustrated in the analysis of variance (Tabla 4), 
covariance analysis (Table 14) and graphically in Figure 7A, The reduction 
in grain yield from low temperature treatment during tiller differentiation 
was largely due to increased numbers of sterile florets and decreased seed 
numbers. Craigs-afterlea had the highest number of sterile florets at 
each temperature level and also the lowest grain yield. 
Shoot apex elongation - experiment 1_ 
Analysis of variance Except for grain yield, significant 
differences among genotypes existed for all the characters (Table 6). 
Among temperature treatments, all characters showed significant mean 
squares except panicles per plant and the number of sterile florets. The 
genotype x temperature mean squares were significant for dry weight, 
grain yield, seed size, seed number and days-to-head. 
Covariance'analysis Analyses of variance of genotype reactions 
at each temperature revealed significant differences among genotypes for 
all characters at the high temperature and for all characters except grain 
yield and panicles per plant at the low temperature (Table 16). 
In the analyses of covariance, where data from both high and low 
temperature treatments were adjusted to the control, significant genetic 
differences among genotype reactions to temperature were still present 
(Table 16). At the high temperature, differences among genotypes were 
shown for dry weight, grain yield, seed weight, seed number, maturity and 
sterile florets. Significant differences were present at low temperature 
for the same characters except grain yield. 
6S 
Table 16, Mean squares among genotypes from variance (AOV) and covariance 
(GOV) analyses of data collected from oat plants subjected to 
high (Y^ ), low (Yg) and control (X) temperatures during elonga­
tion of shoot apices (exp. 7) 
AOV GOV 
Characters High temp. Low temp. XY^  XY^  
Dry wt. 299 •X~k 550 •kk 227 •irk 330 ** 
Grain yield 9494 •irk 2385 9026 •kk 1058 
100 seed wt. 4736 •kk 11632 •kk 2865 •kic 8853 ** 
Seeds/plant 2791 •kk 4097 •kk 2620 •kk 4085 ** 
Days-to-head 139. 1 ** 75. 3 ** 12. 0 * 7.2 ** 
Plant ht. 1392 ** 1284 kk 155 99 
Panicles/plant 2. 083** 0. 333 0. 347 0.298 
Sterile florets 3592 •kk 3629 k-k 1758 ** 1981 -kk 
* F value exceeds 57» level of significance 
** F value exceeds 10% level of significance 
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Characters Compared to the control, grain yield was suppressed 
by low and high temperature treatments imposed when shoot apices were 
elongating (Figure 9A), A465 exhibited the lowest mean yield (Table 17) 
at the low temperature and the greatest at the high temperature. Grain 
yields of the other three genotypes were depressed at both low and high 
t^emperature levels. The reaction of A465 to abnormal temperatures accounted 
for the significant genotype x temperature interaction (Table 4), 
No general trend existed for the effect of temperature of the number 
of seeds per plant (Figure 9B). The two late varieties, Victorgrain and 
Craigs-afterlea, showed reduced seed number at both high and low tempera­
tures, and the two earlier genotypes exhibited differential reactions, 
Clintland 64 had an increased seed number at the high and low temperature 
levels, whereas A465 was reduced from 169 seeds per plant at the control 
temperature to 102 at the low temperature (Table 17), As expected, seed 
weight reacted negatively with seed number; that is, where number of seeds 
per plant decreased by temperature treatment, weight of seeds increased, 
and vice versa (Figures "93 and D). Temperature treatments imposed when 
shoot apices were elongating did not cause a significant genotype x 
environment interaction for number of panicles per plant (Figure 9C). 
For A465 low temperature suppressed this character, whereas it was enhanced 
in Craigs-afterlea. Genotypes exhibited differential reactions to temper­
ature treatments for sterile florets (Figure lOA). The mean number of 
sterile florets for A465 was 50, 13 and 28 for the low, control and high • 
temperature treatments, respectively (Table 17). The combelt variety, 
Clintland 64, reacted in an opposite manner with 29, 52 and IS sterile florets 
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Table 17. Means of 13 characters for four oat genotypes 
shoot apex elongation (exp. 7) 
Character and Temperatures 
genotypes Low Control High Mean 
BDL-wti. y 
A4Ô5 8.63 10.20 10.63 9.82 
Clintland 64 9.77 10.13 9.67 9.86 
Victorgrain 8.83 9.70 8.53 9.02 
Craigs-af terlea 11.60 12.30 10.63 11.51 
Mean 9.71 10.58 9.87 
Primary seed yield 
A465 
1/ 
1.86 2.83 2.79 2.49 
Clintland 64 2.89 3.11 2.89 2.96 
Victorgrain 2.49 2.82 2.52 2.61 
Cralgs-afterlea 2.99 3.38 3.16 3.17 
Mean 2.56 3.03 2.8/; 
Average 100 seed wt. 1/ 
A465 3.70 2.96 3.04 3.23 
Clintland 64 2.35 2.90 2 . 34 2.53 
Victorgrain 3.37 3.47 3.23 3.36 
Craigs-afterlea 2.66 2.67 2.64 2.66 
Mean 3.02 3.00 2.81 
"y Grains per plant 
subjected to three temperature levels during 
Temperatures 
Character Low Control" High Mean 
Total seed yield 
3.66 5.02 
4.34 4.66 
4.01 4.58 
4.10 4.59 
4.03 4.71 
Secondary seed yield 1/ 
1778 1.78 
1.45 1.55 
1.51 1.75 
0.78 1.21 
1.38 1.57 
5.13 4.60 
4.57 4.52 
4.03 4.20 
3.86 4.18 
4.38 
1.98 1.85 
1.66 1.55 
1.50 1.59 
0.71 0.90 
1.46 
100 seed wt., primary seeds 
4.81 "'4 704"' 
2.86 3.52 
4.10 4.19 
2.96 3^ 2_7 
3."68 3.76 
1/ 
4.22 4.36 
2.87 3.09 
3.97 4.09 
3.13 3.12 
3.55 
Table 17. (continued) 
Character and Temperatures 
genotypes Low Control Iw^ gh Mean 
100 seed wt., secondary seeds 1/ 
A465 3.22 2.67 2.84 2.91 
Clintland 64 1.73 2.14 1.77 1.88 
Victorgrain 2.59 2.70 2.50 2.59 
Craigs-af terlea 1.50 . 1.74 1.56 U.60 
Mean 2.26 2.31 2.16 
Primary seeds per plant 
A465 40 69 66 58 
Clintland 64 101 88 101 97 
Victorgrain 61 68 64 64 
Craigs-afterlea 102 103 101 102 
Mean 76 82 83 
Days-to-head 2/ 
A465 87 72 77 79 
Clintland 64 88 70 79 79 
Victorgrain 92 75 83 83 
Craigs-af terlea 98 87 93 93 
Mean 91 76 83 
J^ / Grams per plant 
Tj Days after planting 
Temperatures 
Character Low Control High Mean 
Total seeds per plant 
102 169 168 146 
185 161 196 181 
119 132 125 125 
154 172 146 157 
140 158 159 
Secondary seeds per plant 
57 69 
84 73 
58 65 
 ^ 69 
63 69 
94 84 
60 61 
45 55 
67 
Days-to-anthesis 2/ 
82 68 74 74 
86 68 77 77 
84 68 77 76 
95 82 87 88 
86 71 79 
Table 17. (continued) 
Character and Temperatures 
genotypes Low Control High Mean 
Plant ht, 3/ 
A465 
Clintland 64 
Victorgrain 
Craigs-afterlea 
Mean 
130 123 
159 146 
149 143 
1^ 0 U7. 
154 147 
127 127 
143 149 
129 140 
173 JL77 
143 
Sterile forets per plant 
À4Ô5 50 13 28 30 
Clintland 64 29 52 18 33 
Victorgrain 25 23 16 21 
Craigs-afterlea 101 86 89 92 
Mean 51 43 38 
V Centimeters 
Temperatures 
Character Low Control High Mean 
Panicles per plant 
2.3 3.0 3.0 2.8 
2.3 2.0 2.0 2.1 
2.3 2.3 2.3 2.3 
Lil lîjO 1.0 1^ 2 
2.2 2.1 271 
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Figure 10, Response of four oat genotypes to temperature treatments imposed 
during elongation of shoot apices (exp, 7). 
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per plant for low, control and high temperatures. Victorgrain and Craigs-
afterlea showed only minor fluctuations at the three temperatures, but 
Craigs-afterlea had the highest number of sterile florets at all three 
temperatures. 
Abnormal temperatures during shoot apex elongation caused delays in 
heading date of 6 to IS days (Table 17) among the four genotypes. All 
genotypes reacted similarly to low aad high temperature, exhibiting 
delayed maturity to both (Figure lOB). Increased temperature from low, to 
control to high level resulted in a general decrease in plant height. 
Craigs-afterlea was the tallest and A465 the shortest genotype at all 
three temperature levels. 
Total dry weight was generally suppressed by low and high tempera­
ture treatments (Figure lOD). The exception was A465 which was severely 
depressed at the low temperature but showed a slight increase in dry weight 
at the high temperature level. 
The decrease in grain yield that occurred as a result of low and high 
temperatures was accounted for by increased sterile florets and decreased 
seed numbers (Figures 9A and lOA). 
Differentiation of floral reproductive structures - experiment 8^  
Analysis of variance Table 7 shows that genotypes differed 
significantly for all characters, but there were significant differences 
among temperature treatment means for only three characters, seed weight, 
seed number and days-to-head. Among the genotype x temperature mean squares, 
only seed weight and days-to^ head showed significance. 
76 
Covariance analysis The analyses of variance for the responses 
of genotypes to each temperature showed significant differences among geno­
types for all characters at the high temperature and all at the low temper­
ature except total dry weight (Table 18). 
The analysis of covariance, where the data from high and low tempera­
ture treatments were adjusted for the control, showed significant differences 
still existed among genotypes (Table 18), At the high temperature level, 
genetic differences among varieties were shown for dry weight, grain yield, 
seed weight, panicles per plant and sterile florets. The low temperature 
treatment resulted in significant genotype differences for all the characters 
except dry weight, heading date and panicles per plant, 
• Characters Mean grain yields across all genotypes were 4,77, 
4,80 and-4,69 grams per plant for the low, control and high temperature 
treatments, respectively (Table 8), The grain yield of Clintland 54 was 
enhanced by low temperature while the other genotypes responded similarly 
at all temperature levels. Except for a difference in ranking of varieties, 
the effect of temperature treatments on seeds per plant were similar to the 
effects on seed yield (Figure llA), Even though seed weight was significantly 
influenced by temperature treatments (Table 8), the actual effects were 
small. For A465, Victorgrain and Clintland 64, higher temperatures tended 
to increase seed weight slightly (Figure IID), There were great genotypic 
differences for panicles per plant ranging from about 1,0 for Craigs-afterlea 
to about 3,0 for Clintland 64 (Figure IIC)* However, the temperature treat­
ment had little influence on panicles per plant (Table 18), 
77 
Table 18, Mean squares among genotypes from variance (AOV) and covariance 
(GOV) analyses of data collected from oat plants subjected to 
high (Y^ ), low (Yg) and control (X) temperatures during different­
iation of floral reproductive structures (exp. 8) 
AOV GOV 
Characters • ' High temp. Low temp. XY^  XY^  
Dry wt. 285, , •irk 388 •irk 236 irk 171 
Grain yield 6732 * 10656 irk 6382 ic 10191 irk 
100 seed wt. 9909 ** 9088 irk 1694 irk 3513 irk 
Seeds/plant 1198 * 7118 irk 716 6090 irk 
Days-to-head 254 ** 180 •irk 21 0. ,8 
Plant ht. 1800 ** 1980 ** 111 it 145 * 
Panicles/plant 3. 
1
 
o
 
o
 2. 
o
 
o
 
00 
1, 362* 0. 370 
Sterile florets 8292 •irk 6635 irk 1430 irk 19. 24 * 
* F value exceeds 5% level of significance 
** F.value exceeds 10% level of significance 
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Figure 11. Response of four oat genotypes to temperature treatments imposed 
during differentiation of floral reproductive structures (exp. 8), 
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There were large differences among variety means for number of 
; sterile florets per plant^ and plant height but fluctuations due to temper­
ature (Figures 12A and B) treatments were minor. The same was true for dry 
weight, except for the fact that Clintland 64 responded to low tempera­
ture. Maturity was delayed three days and hastened by two days by the low 
and high temperature stresses, respectively, when compared to the 
control (Table 19, Figure 12D). 
Craigs-afterlea had the most sterile florets, was the latest maturing, 
the tallest, exhibited the highest dry weight, the least number of panicles 
and the lowest yield oi-grain of the four genotypes (Figures llA, IIC, 12A, 
12B and 12C). 
Temperatures during differentiation of stamens and pistils did not 
greatly influence the yield of grain of the four oat genotypes. 
An thesis - experiment _9 
Analysis of variance Genotypes differed significantly for 
all the characters measured in experiment 9 and with the exception of 
panicles per plant, the same was true for temperatures (Table 10). The 
mean squares for the genotype x temperature interactions were significantly 
different for all the characters except seed weight and panicles per plant. 
Covariance analysis The analysis of variance of the geno­
type reaction at each temperature level indicated significant differences 
among genotypes were present for all characters at both the high and low 
temperature treatment (Table 20). 
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Figure 12. Response of four oat genotypes to temperature treatments imposed 
during differentiation of floral reproductive structures (exp. 8), 
Table 19, Means of 13 characters for four oat genotypes subjected to three tempera.ture levels during 
differentiation of floral reproductive structures (exp, 8) 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
Dry wt, 1/ Total seed yield 1/ 
A465 10.12 9.84 10.30 10,09 4,90 4,88 4,06 4.94 
Cllntland 64 11.22 10.16 10,30 10,56 5,38 4.68 4,87 4.98 
Victorgrain 9.92 9.86 10,48 10,09 4,65 4.68 4,91 4.74 
Craigs-af terlea 11.76 12,12 11,86 11,92 4,28 4.53 4,23 4.35 
Mean 10.75 10.49 10,73 4,80 4,69 4,77 
Primary seed yield 1/ Secondary seed yield 1/ 
A465 2.89 2.78 3,06 2,91 1,96 1,89 1,95 1,93 
Clintland 64 3.48 3.06 3,10 3,22 1,90 1,62 1,76 1.76 
Victorgrain 2.98 2.96 3,03 2.99 1,66 1,72 1,88 1,76 
Craigs-af terlea 3.36 3.36 3.18 3,30 0,92 1.17 1,05 1.05 
Mean 3.18 3,04 3,10 1,61 1,60 1,66 
Average 100 seed wt. 1/ 100 seed wt., primary seeds 1/ 
A465 3.20 3.23 3,56 3.33 4.02 4,16 4,49 4.23 
Clintland 64 2,38 2,78 2,80 2.65 2,92 3.38 3,39 3.23 
Victorgrain 3.25 3.40 3.48 3,38 4,01 4.14 4.26 4.14 
Craigs-af terlea 2.65 2.59 2,70 2,65 3.20 3.20 3.35 3.25 
Mean 2,87 3.00 3,13 3,54 3,72 3,87 
JL/ Grams per plant 
Table 19, (continued) 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
100 seed wt,, secondary seeds 1/ Total seeds per plant 
A465 2.56 2.78 2.79 2.71 154 152 143 150 
Clintland 64 1.77 2.07 2.13 1.99 226 169 175 190 
Victorgrain 2.43 2.58 2.68 2.56 143 138 141 141 
Craigs-af terlea 1.63 1.67 1.71 1.67 161 175 157 164 
.2.10 2.28 2.33 171 . 158 154 
Primary seeds per plant Secondary seeds per plant 
A465 72 66 68 69 76 68 70 72 
Clintland 64 119 90 92 100 108 78 83 90 
Victorgrain 74 72 71 72 68 67 70 68 
Craigs-afterlea 105 105 95 102 56 70 61 62 
Mean 92 83 82 77 71 71 
Days-to-head 2/ Days-to-anthesis 2/ 
A465 78 73 70 73 73 68 66 69 
Clintland 64 76 70 68 ' 71 73 68 65 69 
Victorgrain 80 76 76 78 75 69 69 71 
Craigs-afterlea 89 87 84 87 84 82 79 82 
Mean 81 77 75 76 72 70 
V Grams per plant 
Days after planting 
Table 19, (continued) 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
Plant ht. 3/ Panicles per plant 
A465 123 122 123 123 3.0 3.0 3.2 3.1 
Clintland 64 148 147 142 146 2.2 2.0 2.0 2.1 
Victorgrain 145 140 140 142 2.4 2.8 2.6 2.6 
Craigs-af terlea 172 174 169 172 1.2 1.2 1.4 1.3 
Mean 147 146 144 2.2 2.2 2.3 
Sterile florets per plant 
A465 20 18 16 18 
Clintland 64 17 38 19 25 
Victorgrain 14 22 8 15 
Craigs-afterlea 90 77 95 87 
Mean 35 39 34 
V Centimeters 
84 
Table 20, Mean squares among genotypes from variance (AOV) and covariance 
(GOV) analyses of data collected from oat plants subjected to 
high (Y-), low (Y„) and control (X) temperatures during anthesis 
(exp, 9; 
AOT GOV 
Characters High temp. Low temp. XY^  XY^  
Dry wt. 1636 ** 638 •irk 354 ** 87 
Grain yield 118770 •irk 11844 •k* 11120 ** 12162 irk 
100 seed wt. .21601 l'cic 7305 ** 2992 1125 * 
Seeds/plant 14622 •in't • 6986 irk 9420 irk 2587 irk 
Days-to-head 400 Vf* 466 •k* 5 if 5 * 
Plant ht. 2028 irit 1756 ** 169 irk 216 irk 
Panicles/plant 4.23 ** 4. 67** 3. 43** 2. 56* 
Sterile florets 18739 ** 2390 ** 4875 843 
* F value exceeds 5% level of significance 
** F value exceeds 10% level of significance 
85 
The mean squares from the analysis of covariance, where means from 
high and low temperature treatments were adjusted for genotype differences 
in the control, showed that, in general the four genotypes responded 
differentially to high and low temperatures imposed at anthesis. At the 
high temperature, the genotype mean squares were significantly different 
for all characters except seed weight and sterile florets, and at the low 
temperature dry weight and sterile florets were the exceptions (Table 20). 
Characters The mean seed yields were 5.89, 5.75 and 3.52 
grams for the low, control and high temperature treatments, respectively. 
The effect of low temperature treatment for seven days at anthesis was 
slightly beneficial, but the high temperature treatment suppressed grain 
yield by 37 percent (Table 21). At the low temperature, the grain yield 
of the Clintland 64 and A465 was higher than that of the control, 
whereas, Victorgrain and Craigs-afterlea were slightly lower (Figure 13A). 
High temperature at anthesis severely depressed the grain yield of all four 
genotypes. Craigs-afterlea was especially sensitive to high temperature 
at this stage, being reduced 81 percent from 5.64 grams in the control to 
1,05 grams per plot at the high temperature (Table 21, Figure 13A). The 
combelt variety, Clintland 64, was the highest yielder under both stress 
temperatures, with the high level causing only a 15 percent reduction. 
In general, low and high temperatures during anthesis suppressed the 
number of seeds per plant (Figure 13B). Means of 194, 211 and 100 seeds 
per plant indicated that high temperature was more detrimental than low 
temperature (Table 21). Of the four genotypes, Craigs-afterlea was 
affected most by the high temperature, while Clintland 64 showed the 
Table 21, Means of 12 characters for four oat genotypes subjected to three temperature levels 
during anthesis (exp, 9) 
• 1 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
Dry wt, 1/ Total seed yield 1/ 
A465 12.82 11.80 11.47 12.03 5.79 5.48 3.76 5.01 
Clintland 64 14.67 13.20 11.80 13.22 6.67 5.86 5.00 5.84 
Victorgrain 14 17 12.60 11.80 12.86 5.70 6.02 4.27 5.33 
Craigs-afterlea 15.87 15.97 15.72 15.86 5.40 5.64 1.05 4.03 
Mean 14.39 13.39 12.70 5.89 5.75 3.52 
Primary seed yield 1/ Secondary seed yield 1/ 
A465 3.53 3.12 1.76 2.81 .2.21 2.21 1.78 2.07 
Clintland 64 4.25 3.82 3.37 3.81 2.42 2.04 1.63 2.03 
Victorgrain 3.60 3.81 2.16 3.19 2.10 2.20 2.11 2.14 
Craigs-afterlea 4.04 4.73 0.87 3.21 1.35 0.92 0.16 0.81 
Mean 3.86 3.87 2.04 2.02 1.84 1.42 
Average 100 seed wt. 1/ 100 seed wt., primary seeds 1/ 
A465 3.45 3.43 4.37 3.75 4.29 4.19 5.52 4.67 
Clintland 64 2.62 2.08 2.85 2.52 3.21 2.55 3.30 3.02 
Victorgrain 3.47 3.18 4.23 3.63 4.30 3.84 5.10 4.41 
Craigs-af terlea 2.86 2.69 3.30 2.95 3.43 3.13 3.68 3.41 
Mean 3.10 2.85 3.69 3.81 3.43 4.40 
\J Grams per plant 
Table 21. (continued) 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
100 seed wt., secondary seeds 1/ Total seeds per plant 
A465 2.75 2.96 4.22 3.31 168 160 89 139 
Clintland 64 1.98 2.69 2.22 2.30 255 281 178 238 
Victorgrain 2.61 2.52 3.60 2.91 165 191 101 152 
Craigs-af terlea 1.90 1.56 1.51 1.66 190 210 31 144 
Mean 2,31 2.43 2.89 194 • 211 100 
Primary seeds per plant Secondary seeds per plant 
A465 82 75 33 63 81 75 43 66 
Clintland 64 132 149 103 128 122 132 75 110 
Victorgrain 84 100 42 75 80 91 59 77 
Craigs-af terlea 118 152 23 98 72 59 8 46 
Mean 104 119 50 89 89 46 
Days-to-head 2/ 
A465 82 78  77 79 
Clintland 64 82 "79 .. 78 80 
Victorgrain 89 85 86 87 
Craigs-afterlea 105 98 98 100 
Mean 89 85 - 85 
"y Grams per plant 
"y Days after planting 
Table 21. (continued) 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
Plant ht. 3/ Panicles per (plant • 
A465 120 128 102 117 4.0 3.0 4.2 3.7 
Clintland 64 151 144 128 141 3.0 2.8 3.0 2.9 
Victorgrain 142 138 126 135 3.5 3.8 4.0 3.7 
Craigs-af terlea 171 175 156 168 1.5 2.0 2.0 1.8 
Mean 146 146 128 3.0 2.9 „ 3.3 
Sterile florets per plant 
M65 51 58 164 91 
Clintland 64 29 57 99 61 
Victorgrain 42 42 129 71 
Craigs-afterlea 86 115 257 152 
Mean 52 68 162 
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Figure 13. Response of four oat genotypes to temperature treatments 
imposed during anthesis (exp, 9). 
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least suppression. These reactions partially account for the small reduction 
in grain yield of Clintland 64 at both stress temperatures and the drastic 
decrease of Craigs-afterlea at the high temperature (Figure 13A). Seed 
weight varied conversely with seed number (Figure 13D), At the high 
temperature, the seed weight of all genotypes were increased. 
The control produced slightly more sterile florets than did the low 
temperature treatment during anthesis, but the high temperature caused a 
marked" increase in all genotypes, Craigs-afterlea had the most sterile 
florets of all genotypes, 86 and 257 at the low and high temperatures 
respectively, Clintland 64 exhibited the lowest numbers, 29 and 99 sterile 
florets, respectively (Table 21). 
Except with A465, level of temperature had little influence upon the 
number of panicles per plant (Figure 14B). A465 showed a small increase 
in numbers of panicles at both low and high temperature levels. 
Increased temperature during anthesis tended to shorten days-to-head, 
decrease plant height and total dry weight (Figures 14A, C and D). Craigs-
af terlea exhibited the greatest total dry weight and was virtually unaffected 
by temperature treatment, whereas the total dry weight of the other three 
genotypes dropped materially as temperatures were increased. All four 
genotypes and especially Craigs-afterlea, possess the ability to divert 
photosynthetic material to foliage production when the "sink," or seed, is 
absent. 
Since Clintland 64 had the lowest number of sterile florets, highest 
seed numbers and grain yield, and Craigs-afterlea the highest number of 
sterile florets, lowest seed numbers and grain yield when high temperature 
Figure 14. Response of four oat genotypes 
to temperature treatments imposed 
during anthesis (exp, 9), 
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was applied during anthesis, it appeared that the number of sterile florets 
was responsible for fluctuations in grain yield (Table 21, Figures 13A and C). 
Grain filling - experiment 10 
Analysis of variance Significant differences among genotypes 
are noted for all characters in experiment 10 (Table 12), Also, except for 
plant height and panicles per plant, temperature levels applied during grain 
filling, significantly affected all characters measured. Genotype x temper­
ature mean squares were significant for seed weight, plant height and the 
number of sterile florets per plant. 
Covariance analysis Analysis of variance showed that geno­
types differed significantly for all characters at the low and high temper­
atures, except for grain yield at the high temperature (Table 22). 
In the covariance analyses, the adjustment for the control of the 
variety means at the high and low temperature levels revealed that genotypes 
differed significantly for response to temperature as measured by the 
characters in Table 22, At the high temperature significant differences 
among genotypes were lacking for grain yield and seed number while at the 
low treatment temperature, only the mean square for dry weight was not 
significant. 
Characters Grain yield decreased as a result of increased 
temperature during grain filling, the exception was Craigs-afterlea 
(Figure 15A), Low temperature augmented the yield of grain of Clint-
land 64, Victorgrain, and A465, Craigs-afterlea showed little response to 
high or low temperatures, but had the lowest mean yield of 5,39 grams at the 
low temperature compared with a high of 6.92 grams for Clintland 64 (Table 23), 
93 
Table 22, Mean squares among genotypes from variance (AOV) and covariance 
(GOV) analyses of data collected from oat plants subjected to 
high (Y^ ), low (Y-)-and control (X) temperatures during grain 
filling (expo 10) 
AOV GOV 
Characters High temp. Low temp. XY^  XY^  
Dry wt. 1578 •icic 860 •irk 210 Vf 134 
Grain yield 2296 18031 •ifk 1918 15525 ** 
100 seed wt. 21930 ** 20155 •Scic 2774 * 6670 * 
Seeds/plant 9290 ** 8420 ** 1485 1851 * 
Plant ht. 2981 ** 2630 ** 499 ** • 184 ** 
Panicles/plant 3, 750** 2, 729** 2, 386* 1.930** 
Sterile florets 5937 ** 5905 ** 3758 ** 3097 ** 
* F value exceeds 5% level of significance 
** F value exceeds 10% level of significance 
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Figure 15. Response of four oat genotypes to temperature treatments imposed 
during grain filling (exp, 10). 
I 
Table 23, Means of 11 characters for four oat genotypes subjected to three temperature levels 
during grain filling (exp. 10) 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
.Pry wt. 1/ Total seed yield 1/ 
A465 12.30 11.80 11.60 11,90 5.67 5.48 5,20 5,45 
Clintland 64 13,80 13,20 12.00 13,00 6,92 5.86 5,59 6,12 
Victorgrain 12.75 12.60 11.85 12,40 6,19 6.02 5,74 5,98 
•Craigs-afterlea 15.60 15.97 15.77 15,78 5.39 5.64 5,68 5,57 
Mean 13.61 13.39 12.81 6,04 5,75 5,55 
Primary seed yield 1/ Secondary seed yield 1/ 
A465 3.07 3.13 3.10 3.10 2,58 2,21 2,07 2.29 
Clintland 64 4.48 3.82 3.60 3.97 2,44 2,04 1,99 2.16 
Victorgrain 3.93 3.81 3.60 3.78 2,26 2,20 2.14 2,20 
Craigs-afterlea 4.37 4.73 4.60 4.57 1.02 0.92 1.08 1,01 
Mean 3.96 3.87 3.72 2,08 1.84 1.82 
Average 100 seed wt. 1/ 100 seed wt,, primary seeds 1/ 
A465 4.40 3.43 4.06 3.96 5,29 4.19 4.71 4.73 
Clintland 64 2.88 2.08 2.30 2.42 3,56 2.55 2.77 2.96 
Victorgrain 3.55 3.18 3.42 3.38 4,27 3.84 4.16 4.09 
Craigs-afterlea 2.93 2.69 2.96 2.86 3.46 3.13 3.44 3.34 
Mean 3.44 2.85 3,19 4.15 3.43 3.77 
\0 Ln 
V Grams per plant 
Table 23. (continued) 
Character and Temperatures Temperatures 
genotypes Low Control High Mean Character Low Control High Mean 
100 seed wt., secondary seeds 1/ Total seeds per plant 
A465 3.68 2.96 3.43 3.36 129 160 128 139 
Clintland 64 2.14 2.69 1.76 2.20 241 281 243 255 
Victorgrain 2.71 2.52 2,63 2.62 175 191 168 178 
Craigs-af terlea 1.76 1.56 1.84 1.72 184 210 193 196 
Mean 2.57 2.43 2.42 182 211 183 
Primary seeds per plant Secondary seeds per plant 
A465 58 75 66 66 70 75 61 68 
Clintland 64 126 149 130 135 114 132 113 120 
Victorgrain 92 100 86 93 83 91 81 85 
Craigs-afterlea 126 152 134 • 137 58 59 59 59 
Mean 101 119 104 81 89 78 
\J Grams per plant 
Table 23. (continued) 
Character and 
genotypes 
Temperatures 
Character 
Temperatures 
Low Control High Mean Low Control High Mean 
Plant ht, 2/ Panicles per plant 
A465 122 128 115 117 3.8 3.8 4.2 3.7 
Clintland 64 /150 144 147 141 2.8 2.8 2.8 2.9 
Victorgrain 142 138 142 135 3.5 3.5 3.5 3.7 
Craigs^ af terlea 184 175 182 168 2.0 2.0 2.0 1.8 
Mean 149 146 146 3.0 3.0 3.1 
Sterile florets per plant \ 
A465 , 78 58 96 77 
Clintland 64 17 57 37 37 
Victorgrain 22 42 19 .28 
Craigs-afterlea 92 115 91 99 
Mean 52 68 60 
Ij Centimeters 
98 
Clintlaad 64 had the greatest number of seeds per plant (Figure 15B) 
although a depression occurred at both treatment temperatures. A465 
exhibited lowest mean number of seeds at each temperature level. All 
genotypes were suppressed slightly at both temperatures and genotype 
ranking was the same for the three treatments. 
In general, seed weight reacted conversely to seed number; that is, 
treatments that decreased seed numbers increased seed weight and vice 
versa (Figure 15D). Genotype ranking for seed weight was exactly opposite 
to that exhibited for seed number. 
The number of sterile florets per plant was reduced by low and high 
temperature levels except for A465, which exhibited an increase (Figure 16C). 
In the preceding experiments, the number of sterile florets showed nega­
tive relationship to seed number. In the experiment 10 this was not the 
case. In fact, except for A465, the reverse was shown. 
Slight variation in panicles per plant was noted for each genotype 
at the three temperature levels (Figure 16A). An increase in panicle 
number at both temperature treatments occurred for A465, but the 
resulting panicles were small with few mature seeds. Plant height of 
the four oat genotypes varied little, since among the temperature treatments 
most of the stems had elongated (Figure 15C). Dry weight was decreased as 
temperature was increased during grain filling, with means of 13.61, 13.69 
and 12.81 grams resulting from low, control and high temperature treat­
ments, respectively (Table 23, Figure 16B). 
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100 
imposed on A465 resulted in suppression of grain yield when applied during 
anthesis and grain filling (Figure 17A). High temperatures for seven days 
during anthesis reduced grain yield to 70 percent of the control, whereas 
during the grain filling period, the yield was reduced only 5 percent» 
Low temperature, on the other hand, affected grain yield more when 
"applied during earlier growth stages. Grain yield was suppressed 
10 percent when low temperatures occurred for seven days during tiller 
differentiation and 27 percent during shoot apex elongation (Figure 17A). 
The number of seeds per plant was reduced 44 and 20 percent by high 
temperature during anthesis and grain filling, respectively (Figure 17B), 
whereas, low temperatures caused a reduction of 22 and 40 percent in seed 
number when applied during tiller differentiation and apex elongation. 
The primary and secondary seed numbers of A465 showed nearly identical 
reactions to temperature levels (Figures 17C and D), In very few cases 
was seed weight reduced by high or low temperatures. Actually, the 
increased seed weights were probably artifacts of reduced seed numbers. 
Primary and secondary seed weights showed similar reactions to tempera­
ture (Figures 18B and D). Panicles per plant was not affected by high 
temperatures at the three early growth stages, but this character was in­
creased about 40 percent from high temperature treatment during anthesis 
and grain filling (Figure 18C), The additional panicles were, in general, 
small. A465 showed an increase of 25 to 35 percent in the number of 
panicles per plant when exposed to low temperatures during tiller differ­
entiation, anthesis and grain filling, but panicle number was decreased 
when the plants were treated during shoot apex elongation. 
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When compared to the control, increases in the number of sterile 
florets were extremely high as a result of high temperature treatment 
imposed during apex elongation, anthesis and grain filling. The percent 
increases were 115, 183 and 66, respectively (Figure 19C). Except for 
the high temperature treatment when shoot apices were elongating, each 
large increase in the number of sterile florets was reflected by decreases 
in seed number and seed yield (Figures 17A and B). Low temperature 
treatments imposed during tiller differentiation, elongation of shoot 
apices and grain filling caused respective increases in sterile florets 
of 89, 285, and 34 percent (Figure 19C). 
Low temperature treatments tended to delay the maturity of A465 
when applied at any stage of growth, whereas high temperature had little 
effect on maturity (Figure 19D), It is interesting that none of the 
temperature-growth stage combinations caused appreciable changes in total 
dry weight (Figure 19A). Seed yield and dry weight of the foliage must 
have responsed conversely; that is, treatments that decreased seed yield 
increased dry weight of the foliage and vice versa. High temperature 
during anthesis and grain filling shortened the oat plants (Figure 19B). 
Clintland 64 - mid-season cornbelt variety High temperature 
treatment resulted in a 15 percent reduction in grain yield for Clintland 
64 when applied during anthesis (Figure 20A). Reductions of 5 percent or 
less were observed with high temperature treatment during tiller differen­
tiation and grain filling. Low temperatures tended to suppress the .grain 
yield of Clintland 64 somewhat when applied during early growth stages, but 
grain yield was enhanced between 15 and 20 percent during later growth 
stages. 
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Seven days of high temperatures during tiller differentiation and apex 
elongation for Clintland 64 resulted in an increase in seed numbers while 
at anthesis and grain filling seed numbers were reduced 37 and 14 percent, 
respectively (Figure 20B), Low temperature treatments, in general, pro­
duced effects similar to those of high temperature, but with a substantial 
increase (34 percent) in the number of seeds resulting from low tempera­
tures during differentiation of floral reproductive structures (Figure 20B). 
Also, low temperatures during anthesis reduced seed numbers to the degree 
of that of high temperature. An examination of Figures 20C and D showed 
the reaction of the number of primary and secondary seeds to temperature 
was essentially the same as that of total seeds (Figure 2OB, C and D). 
Average seed weight showed a negative relation to the number of 
seeds resulting from high and low temperatures during an thesis and grain 
filling. Low temperature during grain filling produced increases in seed 
weight in and above that due to the reduction in seed number by the same 
treatment (Figure 21A). The size of the secondary seeds was suppressed by 
all temperature treatments except for high temperature during the differ­
entiation of oat floral reproductive parts (Figure 21C). The size of 
primary seeds was also reduced'.by treatments during early growth stages, 
but was augmented by both high and low temperature levels at anthesis and 
grain filling (Figure 21B). 
Clintland 64 showed a relatively stable reaction to temperatures for 
the component panicles per plant imposed at five growth stages (Figure 21D). 
High temperature during anthesis resulted in a 74 percent increase in 
the number of sterile florets for Clintland 64 (Figure 22C). This 
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corresponds to the suppression of seed number and seed yield by the same 
treatment (Figures 20A and B). Other treatments tended to reduce the 
number of sterile florets. 
Low temperatures delayed maturity for Clintland 64 at all growth 
stages, whereas high temperature delayed maturity at earlier growth stages 
but had no affect when applied during the flower differentiation or 
anthesis (Figure 22D). None of the temperature-growth stage combinations 
caused large changes in total dry weight (Figure 22B). The fluctuations 
in dry weight are similar to those in grain yield (Figure 20A). High 
temperatures did not appreciably affect plant height of Clintland 64, 
whereas low temperatures produced increases of 1 to 9 percent in plant 
height at all growth stages (Figure 22A). 
Victorgrain - late Coker, South Carolina variety Grain yield 
of Victorgrain was suppressed by high temperature treatments at all growth 
stages with 11 and 28 percent reductions occurring when imposed during 
shoot apex elongation and anthesis (Figure 23A). Low temperatures had 
little effect on the grain yield during the later growth stages, whereas 
reductions of 14 and 11 percent were noted during tiller differentiation 
and shoot apex elongation. 
Seven days of high temperature during anthesis and grain filling 
resulted in 46 and 11 percent reductions, respectively, in the number of 
seeds for Victorgrain, while other growth stages were not as vulnerable 
(Figure 23B). Low temperatures during tiller and floral differentiation 
and anthesis reduced seed numbers 21, 10 and 14 percent, respectively 
(Figure 23B). The reaction of number of primary and secondary seeds was 
similar to the total seed number (Figures 23C and D), Changes in seed 
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weight were an artifact of changes in the number of seeds. That is, as 
seed number increased, seed weight decreased, and vice versa (Figures 
23B, C, D and 24A, B, C). 
Temperatures did not greatly influence the number of panicles per 
plant for Victorgrain, except for a 29 percent reduction as a result of 
high temperatures during tiller differentiation (Figure 24D). 
Compared to the control the 207 percent increase in number of 
sterile florets was extremely high as a result of high temperature during 
anthesis, whereas at other growth stages a 30 to 64 percent reduction was 
observed (Figure 25A). The increase in sterile florets due to high 
temperature during anthesis corresponds to the decreased seed number and 
seed yield for the same treatment (Figures 23A, B and 25A). Low tempera­
ture during early growth stages increased the number of sterile florets 
for Victorgrain, but a parallel decrease in seed number was absent 
(Figures 23B and 25A). Low temperatures during floral differentiation and 
grain filling gave results similar to that of high temperature. 
Both high and low temperature treatments delayed the maturity of 
Victorgrain, with the low temperature treatments having the greatest effect 
(Figure 25B). Dry'weight was not appreciably affected by temperature-
growth stage combinations (Figure 25C), The small fluctuations that d.d 
occur in dry weight are similar to those of seed yield (Figure 23A). 
Plant height for Victorgrain, in general was not greatly affected by 
abnormal temperatures (Figure 25D). 
Craigs-afterlea - late, tall Scotland variety The grain yield 
of Craigs-afterlea was reduced to only 19 percent of the control as a 
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result of high temperature during anthesis (Figure 26A), Little abnormal 
yield reaction to high and low temperature treatments at other growth 
stages was exhibited. 
The number of primary seeds of Craigs-afterlea was influenced by high 
temperature during anthesis and grain filling, with reductions of 85 and 
13 percent (Figure 26C). The number of secondary seeds was reduced the same 
extent by high temperature during anthesis (Figure 26D), but a 22 percent 
increase was noted for the low temperature treatment. Both high and low 
temperatures during early growth stages reduced the number of secondary seeds. 
When both primary and secondary seed numbers were pooled, it was seen that 
the total seed number was reduced 85 percent as a result of high tempera­
ture during anthesis (Figure 26B). This coincides with the reduction in 
grain yield for the same treatment. 
Primary and secondary seed weight increased or decreased as seed number 
decreased or increased (Figures 26C, D and 27B, C), The size of secondary 
seeds resulting from abnormal temperatures during anthesis was an exception. 
Despite a large decrease in the number of secondary seeds due to high 
temperature, seed weight did not increase. Also, an increase in the number 
of secondary seeds due to low temperatures at anthesis did not give a 
corresponding decrease in seed weight, but rather seed weight was 22 percent 
greater than the control. 
Craigs-afterlea showed an increase in panicle number as a result of 
high temperature during tiller and floral differentiation and low 
temperature during shoot apex elongation (Figure 27D). Decrease in panicle 
number occurred only when low temperatures were imposed during anthesis. 
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When compared to the control, the number of sterile florets for 
Craigs-afterlea was greatly increased (124 percent) by high temperature 
during anthesis (Figure 28A), Both high and low temperatures during the 
early growth stages tended to increase the number of sterile florets, but 
there was no corresponding decrease in seed number (Figure 26B). 
Craigs-afterlea when exposed to seven days of high temperature 
during early growth stages exhibited delayed maturity whereas, little 
reaction was noted at later growth stages. (Figure 28B). Low tempera­
tures delayed maturity at all growth stages, but plant height was not 
greatly influenced by high or low temperatures (Figure 28D). 
It is interesting that as with the other three oat genotypes, none 
of the temperature-growth stage combinations caused appreciable changes 
in total dry weight of Craigs-afterlea (Figure 28C). Knowing that grain 
yield varied as a result of temperature (Figure 26A), I can only 
conclude that as grain yield fluctuated, foliage dry weight varied 
conversely. Craigs-afterlea possesses that ability to effectively divert 
photosynthetic materials into the growth of foliage when the number of 
potential "sinks," or seeds have been reduced. 
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DISCUSSION 
Growth Stages and Temperature Effects 
High and low temperature treatments imposed on oat genotypes during 
five growth stages affected grain yield of oats in varying degrees. Grain 
yield was suppressed when seven days of elevated temperatures were applied 
during differentiation of tillers, elongation of shoot apices and anthesis. 
The average yield of the oat genotypes also declined when subjected to low 
temperatures during differentiation of tillers and shoot apex elongation, 
whereas yield was enhanced when lowered temperature occurred during 
floral part differentiation, anthesis and grain filling. 
The large decrease in grain yield resulting from high temperatures 
during anthesis was a consequence of increased floret sterility arid the 
concomitant reduction in the yield component, seed number per panicle 
(Figure 5A), It is interesting to note that the decline in yield from 
high temperatures during differentiation of tillers and elongation of 
shoot apices appeared to result from a depression of seed weight (Figures 
2A and 3A), Similar effects from treating the latter two growth stages 
were expected since they occurred only one week apart. 
An increase in floret sterility and concomitant decreased seed 
number accounted for the depressed yield of oats when low temperature 
treatment was imposed during differentiation of tillers and elongation 
of shoot apices (Figures 2A and 3A). Elevated seed weight from low 
temperature treatment during anthesis and grain filling was responsible 
for increased grain yield, "Increased yield from low temperature imposed 
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during differentiation of floral reproductive structures was due to higher 
seed number rather than increased seed weight. 
Growth stages did vary in their response to stress temperatures, but 
of the five growth stages examined anthesis was the most vulnerable. High 
temperatures during anthesis may have injured the stamens and pistils, 
the pollen, the developing embryo or resulted from a combination of effects 
on these developmental events. 
Genotypes and Temperature Effects 
Genotype x temperature 
One objective of my investigations was to determine if genetic 
differences existed among the four oat genotypes for reaction to tempera­
ture stress. I utilized covariance analysis in which the control was 
considered to be an independent variable which was used to correct the 
genotype measurements from the high and low temperature treatments 
considered to be dependent variables, and Y^ . Essentially, this type 
of analysis eliminates differential production of the four genotypes 
under the control conditions. Significant differences among genotypes 
after the adjustment of Y^  and Y^  indicated the genotypes responded differ­
ently to temperature treatments over and above the inter-genotype reactions 
at normal temperatures. 
Covariance analyses showed the yield response of the four genotypes 
differed significantly when high temperature stresses were imposed during 
elongation of shoot apices, differentiation of floral reproductive 
structures, anthesis and grain filling (Tables 14, 16, 18, 20 and 22). 
The yield reactions of the four oat genotypes subjected to low temperatures 
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were significantly different at differentiation of tillers and floral re­
productive structures, anthesis and grain filling. These results indicate 
that genetic differences existed among the four oat genotypes for reaction 
to temperature stresses. 
The genetic basis for genotype responses to temperature stresses is 
probably of a multi-locus nature since a number of enzymes and physiological 
processes are likely involved. Langridge and Griffing (1959), in experiments 
with Arabidopsis thaliana,- suggested that extreme sensitivity to temperature 
was polygenically determined, although single locus mutations existed that 
required specific metabolites to correct deficiencies which appeared at high 
temperatures. Griffing and Langridge (1963) presented a genetic hypothesis 
based on a number of temperature-sensitive alleles in Arabidopsis thaliana to 
explain differential heterosis over a range of temperatures which permitted 
a physiological interpretation of at least part of the heterosis observed in 
field grown crops which are subject to high temperature. 
Genotypes 
High temperature resulted in a 30 percent reduction of grain yield for 
A465 where treatments were applied during anthesis (Figure 17A), The sup­
pression of grain yield was due to increased floret sterility and decreased 
seed numbers (Figures 17B and 19C), Other growth stages showed relatively 
stable reactions to high temperature. 
Earlier growth stages in A465 seemed to be more susceptible to low 
temperature stresses. Reductions of 10 and 27 percent in grain yield were 
noted when low temperatures occurred during tiller differentiation and 
shoot apex elongation, respectively. Here, as with high temperature stress. 
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an increase in floret sterility and reduced seed numbers were reflected in 
suppressed yield, 
A465 was developed in a moderate climate in Australia and is early 
maturing. It was probably never subjected to high or low temperature 
stresses, and, therefore, only by chance would possess genetic factors 
which would enable it to exhibit a stable yield reaction to stresses of 
temperature. The reduced yield resulting from high temperatures during 
later growth stages indicates that A465 normally would "escape" high 
temperature injury by virtue of its early maturity and that it actually 
lacks genetic stability to high temperature levels, 
Clintland 64, the mid-season Combe It oat variety, exhibited a 
maximum grain yield reduction of 15 percent when high temperature treat­
ment occurred during anthesis (Figure 20A). Lesser reductions occurred 
when Clintland 64 was subjected to high temperatures at four other growth 
stages. Low temperatures tended to suppress the grain yield of Clintland 
64 during early growth stages but enhanced yield during later growth 
stages. The enhancement at the low temperature, may be a result of decreased 
respiratory losses of carbohydrates which would allow more photosynthetic 
materials for embryo growth and grain filling. Depressed yield at high 
temperatures was attributed to increased floret sterility and concomitant 
decreased seed numbers (Figures 2OB and 22C), Increased seed weight 
accounted for increased yields at low temperatures during anthesis and 
grain filling (Figures 2OA and B), 
Of the four oat genotypes utilized in this study, Clintland 64 
exhibited the most stable yield reaction to high and low temperature 
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treatments when viewed across all five growth stages. This would be 
expected since Clintland 64 was selected from tests conducted in the North 
Central Region and the control and treatment temperatures that I utilized 
simulated the natural temperature occurrence for this region, Clintland 
64 probably possesses genetic factors which buffer it against a wide 
range of abnormal temperatures, 
Victorgrain, a late maturing oat variety developed by Coker Seed 
Company in South Carolina, exhibited 11 and 28 percent reductions in grain 
yield as a result of high temperature treatments during elongation of 
shoot apices and anthesis, respectively (Figure 23A), For this variety, 
some reduction in grain yield was noted at all five growth stages when 
exposed to high temperatures,. Low temperature treatment had little 
effect on the grain yield of Victorgrain during later growth stages, 
whereas yields were depressed 15 and 11 percent, respectively with 
treatment during tiller differentiation and shoot apex elongation. The 
suppression of yield as a result of low temperature during early growth 
stages and high temperature during anthesis was due to increased floret 
sterility and the concomitant reduction in seed number (Figures 23B and 
25A). 
Victorgrain, having been developed for winter production in South 
Carolina, would have been tested and selected under conditions where 
temperatures during early growth stages were higher and during later 
growth stages lower than the temperatures occurring in Iowa and utilized 
for this study. My data indicated that Victorgrain possessed genetic 
factors which enabled it to yield well when exposed to low temperatures 
124 
during later growth stages. Suppressed yield from high temperature during 
anthesis and earlier growth stages suggest a lack of genetic buffering to 
high temperature. 
At four of five growth stages, Craigs-afterlea, the tall, late 
maturing oat variety from Scotland, exhibited little abnormal reaction 
for grain yield when high and low temperatures were imposed (Figure 26A). 
The exception was^  an 81 percent reduction in yield from high temperature 
applied during anthesis," 
It is interesting that of the four genotypes tested for response to 
abnormal temperatures, Craigs-afterlea showed the most stable response 
for total grain yield. At first glance, these results are surprising 
because this genotype was developed in an environment that is generally 
cool. An appraisal of the data, however, showed that except for the high 
and low temperatures during grain filling and shoot apex elongation, 
respectively, Craigs-afterlea not only exhibited a stable yield response 
but consistently was one of the low yielding genotypes (Figures 7A, 9A, 
llA, 13A and 15A), From a practical viewpoint, a stable yield response to 
environmental stresses is not desirable if the yield is consistently low. 
The plant breeder and the farmer seek those genotypes that exploit all 
elements available in an environment rather than those that yield at 
some stable, but mediocre level regardless of the level of the 
environmental elements. 
General 
At a given time all plants of a genetically homogeneous oat variety 
would be at the same growth stage and, therefore, would all be uniformly 
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exposed to environmental stresses. Under these circumstances the effect 
of abnormal temperatures upon production would, of course, depend upon 
whether or not the plants were at a temperature sensitive developmental 
stage, 
Amaya (1965) found that mixtures of oat varieties when grown under 
a stress environment (late planting that extended growth period into high 
summer temperatures) were likely to yield more than the mean of the 
component varieties grown in homogeneous stands. He reasoned that plants 
in the mixture that were injured by the stress environment were unable to 
utilize nutrients, moisture, etc,, but the uninjured plants were able to 
compensate by using these factors to advantage. In a genetically homo­
geneous variety, all plants would be injured similarly, and unused 
nutrients, moisture, etc, would be wasted, A similar phenomenon is 
periodically observed in the wheat growing areas of the Great Plains, 
where freezing temperatures injure tillers and heads in various stages of 
development and result in the development of secondary and tertiary 
tillers. 
The present study indicates (1) that growth stages vary in their 
susceptibilities to abnormal temperatures and (2) that genetic differences 
for tolerance to abnormal temperatures exist among oat genotypes. 
If one could predict, in considerable advance, the occurrence of 
abnormal temperatures, it would be relatively easy to avoid a concurrence 
of a temperature sensitive growth stage and temperature stresses by 
staggering planting dates or using oat varieties of appropriate maturities. 
However, such prediction is not possible, so a more feasible approach 
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would be the development of an oat variety heterogeneous for those 
growth stages that are temperature sensitive. Such a variety could hot be 
heterogeneous for maturity, however, since early maturing heads would 
shatter and reduce maximum production, A refinement of the heterogeneous 
variety approach would be the fabrication of genotypes in which the 
duration as well as the occurrence of various developmental stages was 
varied, but the maturities of all plants were similar. 
In all my experiments, one plot consisted of one oat plant grown in 
a four-inch plot. In field experiments, the experimental error with this 
sample size would be so large as to make the data unusable. However, for 
my experiments grown in growth chambers, the precision of experimentation 
measured as coefficients of variation (C,V, ) was quite acceptable. Except 
for the character, sterile florets, the CV's for the other eight characters 
did not vary appreciably among experiments (Table 24), The CV's for 
seed yield varied from 8,23 to 9,62 percent, which are similar to those 
for oat yield trials in field where the sample size is 500 plants. This 
is a reflection of the good and uniform environmental control that one has 
in a growth chamber. 
Table 24. Coefficients of variation (C.V.) for nine characters in five experiments 
Experiments 
6 7 8 9 10 
Characters (Diff, of (Elong, of (Diff. of (Anthesis) (Grain 
• tillers) shoot apex) floral structures) filling) 
Dry wt. 8.3 7.1 8.2 . 5.9 6.1 
Seed yield 9.0 8.8 8.7 9.6 8.2 
Seed size 6.7 6.5 5.8 9.2 5.6 
Seeds/plant 12.1 10.0 10.5 12.8 11.0 
Days-to-head 1.4 1.2 1.9 1.0 1/ 
Days-to-anthesis 2.2 1.6 2.7 1/ 1/ 
Plant ht. 4.6 4.3 3.3 2.8 3.3 
Panicles/plant 20.9 19.9 23.4 . 19.1 18,0 
Sterile florets 41.0 33,7 48.3 24.1 20.9 
Replications 5 3 5 4 4 
!_/ No data; experiment conducted after this developmental stage 
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SUMMARY 
To evaluate the effect of temperature on the growth and yield of 
oats, several preliminary studies were conducted. Diumal and season 
temperature curves for the April-May-June period (the growing season for 
oats) were constructed from weather data collected at Ames, Iowa during 
the past 60 years. These seasonal curves with appropriate diumal curves 
superimposed upon them were programmed into the controlled environment 
growth chambers by manipulating temperature and light controls. Next, 
seasonal and diumal curves which had a ten percent chance of occurrence 
were constructed above and below the normal curve. 
From plant dissection studies I related the developmental stage of 
the shoot apex with the external morphology of oat plants. This enabled 
me to stagger the plantings so that all oat genotypes were at the same 
stage for temperature treatment at the same time. 
Three levels of temperature (low, control and high) were imposed on 
four diverse oat genotypes (A465, Clintland 64, Victorgrain and Craigs-
afterlea) for seven-day intervals at each of five critical growth stages. 
The plants were grown, both before and after the abnormal temperature 
treatments, at the control temperature. At maturity the plants were meas­
ured for the following characters: total dry weight, average grain yield 
and seed weight, weight and number of primary and secondary seeds, days-to-
head and anthesis (from planting), plant height (cm.) and panicles and 
sterile florets per plant. 
Differences existed among the four oat genotypes for tolerance to 
temperature levels. They differed significantly in yield reaction when 
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high temperatures were imposed during elongation of shoot apices, 
differentiation of floral reproductive structures, anthesis and grain 
filling. The yield reactions of the genotypes subjected to low tempera­
ture were significant where low temperature treatment was applied during 
tiller differentiation, floral reproductive structure differentiation, 
anthesis and grain filling. 
Of the four oat genotypes, Clintland 64 consistently ranked at or 
near the top for yield of grain. This was expected since this variety 
was selected in an environment that I simulated in this study, Craigs-
afterlea exhibited the most stable yield reaction to abnormal tempera­
tures during five growth stages but was, in general, the lowest 
yielding genotype. 
Three important conclusions can be made from the results of this 
study: 
(1) Controlled environment growth chambers are valuable for 
genotype x environment interactions if the proper controls, both 
mechanical and genetic, are determined and maintained, 
(2) The five growth stages of oats examined differed in their 
tolerances to temperatures. Generally, anthesis was the most susceptible 
to high temperature. 
(3) Significant genetic differences among the four oat genotypes 
for response to high and low temperatures were noted in seven of the 
ten treatments. 
Further examination of the effect of abnormal temperatures on oats, 
especially high tenteratures during apthesis, might prove fruitful. My 
data showed that of the five growth stages studied in various temperature 
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combinations an thesis was the most vulnerable. Experiments could be 
conducted to determine whether the pollen, fertilization or embryo growth 
were affected by temperature treatments. 
Another problem worth investigating would be the possible segre­
gation of populations under controlled environments, derived from 
parental materials known to vary widely in their tolerance to tempera­
ture at anthesis and selection within these populations. 
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